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EXECUTIVE SUMMARY

This project analyzes in greater detail the coded-wire-tag (CWT) returns of Priest Rapids
Hatchery fall chinook for the years 1976-1989 initially begun by Hilborn et a. (1993a). These
additional analyses were prompted by suggestions made by peer reviews of the initia draft report.
The initial draft and the peer review comments are included in this final report (Appendices A and

B).

The statistical analyses paired Priest Rapids stock with potential downriver reference
stocks to isolate in-river survival rates. Thirty-three potential reference stocks were initially exam-
ined for similar ocean recovery rates; the five stocks with the most similar recovery patterns (i.e.,
Bonneville Brights, Cowlitz, Gray’s River, Tanner Creek, and Washougal) to the Priest Rapids
stock were used in the subsequent analysis of in-river survival. Three dternate forms of multiple
regression models were used to investigate the relationship between predicted in-river survival
and ambient conditions. Analyses were conducted with and without attempts to adjust for smelt
transportation at McNruy Dam. Independent variables examined in the analysis included river
flows, temperature, turbidity, and spill along with the total biomass of hatchery releases in the

Columbia-Snake River Basin.

Chi-square tests of homogeneity found highly significant (P « 0.001) differences in
ocean recovery patterns between the Priest Rapids stock and the five best candidate downriver ref-
erence stocks identified by cluster analyses. Consequently, CWT returns were potentially con-
founded by unequal harvest rates when dowmiver stocks were used as references for the Priest
Rapids Hatchery. Without information on harvest efforts, adjustments in CWT return numbers are
impractical. Nonetheless, the anal yses continued to use the five candidate reference stocks and

assess the robustness of conclusions based on choice of references.

Results of the multiple regression analysisin thisfinal report differ from the preliminary
results of the earlier Hilborn et a. ( 1993b) draft report. Reasons for the differences include:
(1) new and updated CWT data from Pacific States Marine Fisheries Commission (PSMFC);



(2) the earlier analysis only considered flow as an independent variable, the new analysis consid-
ers severa other variables as well as flow; (3) the earlier report did not attempt to adjust for trans-
portation removal of Priest Rapids stock at McNary Dam, this report examines transportation
adjusted counts; (4) the earlier report did not evaluate the robustness of the conclusion based on
choice of reference stock, this new analysis assesses the consequence of reference choice. These
differences are viewed as natural outcomes of a more detailed analysis the preliminary report was

not intended to provide.

Estimated survival-covariate relationships differed slightly depending on whether the
dependent variable used was the observed (expanded) CWT counts or the VPA estimated survival
rates. In both cases, the results differed from the multiple regresson model initially suggested by
Hilborn et a. ( 1993 b). The findings varied little whether or not adjustments were made for trans-
portation. Crucial, however, was the choice of reference hatchery used in the analysis. Results var-
ied widely in the multiple regression analyses, dependent on choice of downriver reference stock
or stocks (multiple regression model using a group of down-river stocks, as suggested by the Hil-
born et a. draft (1993b)). Using the Cowlitz Hatchery stock as the downriver reference, none of
the independent variables were correlated with estimates of adult survival of the Priest Rapids
stock. With the other reference stocks, 2-5 independent variables were found to be correlated with
estimated adult survival. All independent variables (i.e., flow, temperature, turbidity, spill, and
hatchery contribution) were found to be significant in one or more analyses. Furthermore, no con-
sistent pattern for the significance of the independent variables appeared across analyses that

would suggest one factor was more influential than another.

This analysis of the 24 years of Priest Rapids hatchery returns yielded little insight into
key in-river factors that may be influencing hatchery return rates. It may be possible to select a
reference stock to yield any predictive multiple regression model desired. Hence, thisinvestiga-
tive approach is not robust or reliable in identifying key mechanisms affecting survival of upriver
smelt from release to age 2 or returning adult. Further studies should take this sensitivity into

account when designing or analyzing other upstream-downstream paired investigations.



PREFACE

The focus of this effort was to develop a valid statistical framework to estimate adult sur-
vival rates from currently available Columbia River data and then through a multivariate regres-
sion analysis, explore interrelationships between these survival rates and environmental factors
that affect smelt survival. Key to this approach was the recognition that many variables interact to
determine the success of ajuvenile outmigration and the ultimate adult returns. Phase | concen-
trated on developing methods and assembling the coded-wire-tag (CWT) data. A Phase | report
covered the development and evaluation of two methods to estimate survival and presented crite-
ria for data selection (Hilborn et a. 1993a). Under Phase |1, a multivariate analysis of the Priest
Rapids fall chinook stock was performed to investigate the relation of in-river factors to the

observed juvenile survival rates.

The first draft of a Phase Il report (Hilborn et al. 1993b) was titled, “The relationship
between river flow and survival for Columbia River chinook salmon,” and was found by the
reviewers to be too narrow in scope. In response to those comments, the following report has been
prepared. This report addresses most of the issues raised by the reviewers where data and statisti-
cal technique alowed. In addition to the independent variable flow, we included turbidity, temper-

ature, spill, transportation, and total smelt release in the analysis.

By its very nature, the coded-wire-tag database undergoes change on at least an annual
basis and occasionally more often. In preparing for the reanalyses, we found that the Oregon
Department of Fish and Wildlife had recalculated the way sampling fractions were determined,
which resulted in substantial changes to the expansion factor for many of the Oregon recoveries.
In addition, other states and British Columbia made smaller, but nonetheless significant, changes
to the historical data base. We delayed analysis until revisions were completed and the latest
recovery data through the 1994 fishing season were available. For these reasons aone, the results

were expected to differ from those of the earlier draft.

In response to the reviewers comments, we decided to take the same conceptual approach

Xi



to the analysis that had been taken earlier, but with increased depth. For example, we used the
results of cluster analysis to locate those stocks with the most similar ocean catch distributions to
the Priest Rapids stock, but we also performed statistical comparisons between the chosen refer-
ence stocks and the experimental stock (Priest Rapids hatchery). Our use of stocks at, or below,
Bonneville Dam as references to the Priest Rapids stock was an attempt to control for ocean
effects, but no reference stock was found to have homogeneous ocean recoveries with the Priest

Rapids stock.

Unlike the previous draft, temperature, turbidity and the biomass of hatchery releases were
shown to have the most consistent statistical relationships with survival, while flow was only
occasionally significant. The reader should note that a study such as this one is based on statistical
correlations and not cause-and-effect. This study should not be construed as a traditional experi-
ment where there is an experimental group and a control group, differing only in a specific vari-
able. The results do, however, shed light on probable relationships between smelt surviva and in-

river variables that we would recommend be the subject of future controlled experiments.

Appendix A contains the original draft of the research report prepared by Hilborn et al.
(1993 b). Appendix B contains the peer review comments submitted in response to the original
(Hilborn et al. 1993b) report and were the basis for this subsequent reanalysis. Some reviewers
chose to make their comments in the draft copies of the text. To avoid a very large appendix, cop-
ies of their comments were not included in this report. Appendix K contains the peer review com-

ments and responses to those comments for this version of the report.

Two important papers, “Return to the River . ..” (Independent Scientific Group 1996) and
“Plan for analyzing and testing hypothesis (PATH)...” (Marmorek €t a. 1996), have become avail-
able just prior to the publication of this report. Though both of these reports contain some similar

topics, findings presented in this paper were considered unique and important.
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1. INTRODUCTION

1.1 Background

Columbia River salmon have been fished for perhaps thousands of years. With the arrival
of European settlers, the magnitude of the exploitation increased dramatically. At its peak, the
catch of Columbia River salmon was in excess of 6 million fish from five species (Chapman
1986). The peak catches for each species occurred at different times over a period of about 30
years, centered around the 1890's. Chapman (1986) estimated that total return, catch, and escape-
ment to the Columbia River was in the neighborhood of 7.5 million fish. The five species of
salmonids native to the Columbia River are chinook salmon (Oncoravynchus tshawytscha), chum
samon (O. keta), sockeye salmon (0. nerka), coho salmon (0. kisuzch), and steelhead (O.
myvkiss). Chinook salmon are recognized as having two distinct life histories, ocean-type and
stream-type. When discussing Columbia River chinook salmon, fisheries managers commonly
refer to three races based on the time of the adult return migration into the river: spring, summer,
and fall. Spring chinook have a stream-type Life history, fall chinook have an ocean-type life his-
tory, and summer chinook have a mixture of the two, depending on spawning location. After
emergence, stream-type juveniles spend one year in fresh water, generally the upper reaches of the
tributary streams, before migrating to the ocean, and are known as “yearlings’ when they outmi- .
grate. Fall chinook (ocean-type) are termed “ subyearlings’ and outmigrate during the first sum-

mer after emergence.

Beginning about 1900, Columbia River salmon catches began to show a downward trend,
athough the annua fluctuations typical of most salmon runs continued to occur. The adults that
migrate into the river during the summer have suffered the most (Thompson 195 1), declining to
very low numbers, recovering dightly in 1959, and then declining again (Chapman 1986). Most
authorities (e.g., Laythe 1948, NWPPC 1986) have atwributed the decline in chinook runs to a
wide variety of causes including deforestation, farming, mining, pollution, overfishing,
unscreened water diversions, cattle ranching, and construction of dams--the last considered to be

the major contributor. To overcome these problems, Laythe (1948) suggested a mitigation pro-
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gram in the lower river which included screening water diversions and habitat protection, as well
as the construction of fish hatcheries. The hatcheries and the lower-river efforts were never fully
implemented; and by the mid- 1970’s, the stocks of chinook salmon migrating to the mid-Colum-
bia were at extremely low levels. The use of hatcheries to increase the run sizes had proved rela-

tively unsuccessful.

Studies were initiated on the surviving salmon stocks in the mid-Columbia River from
Bonneville Dam to Grand Coolee Dam and up the Snake. River to above Lower Granite Dam.
Raymond (1969, 1979, 1988) studied the consequence of impoundment of water behind dams and
the effects it had on the time it took juvenile salmonids to migrate downstream through these
reaches. Two major findings from his work were (i) wild stocks had better survival than hatchery-
produced fish, and (ii) impoundment of water behind darns slowed outmigration and was thus
thought to reduce survival. As a result of water impoundment behind dams, several environmental
variables were impacted. During the spring and summer months, the water temperature was
raised, the big spring freshet was reduced (but not totally eliminated), and the turbidity of the
water was reduced. In addition, all of the river water could not pass through the hydropower tur-
bines; thus, some was spilled, allowing some juvenile fish to move over the spillway instead of
through the turbines. Further, to mitigate for mortality at dams, juvenile salmonids were collected

at several dams and transported below B onneville Dam.

The direct effect of river discharge on the downstream movement of salmon fry has been
studied by a number of investigators (Irving 1986, Giorgi et al. 1990, Raymond 1968, Park 1969)
with varying results. Giorgi et a. (1990) investigated the relation of flow to travel time of subyear-
ling chinook salmon and were unable to conclude that changes in river fiow were related to
changes in travel time. However, they did note that fish moving out in the early part of the summer
had higher survival rates than later outmigrants. Raymond (1969) found that the John Day Reser-
voir increased the travel time of outmigrating Smelts from 14 days to 22 days for that stretch of
river. Park (1969) concluded that, with the advent of dams, the peak spring flows were reduced,
turbidity decreased, and predation and disease increased. He further concluded that “an almost
continuously impounded river, with resultant trends toward warming water and increased num-

bers of predators, and other complex changes in the environment, could eventually jeopardize the
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existence of the chinook salmon in the [mid] Columbia River.”

In an effort to shed light on a complex situation and prevent continuing erosion of Colum-
bia River salmon abundance, the United States Congress passed the Pacific Northwest Electric
Power Planning and Conservation Act in 1980 which authorized the states of 1daho, Montana,
Oregon, and Washington to create an entity to plan for two important resources in the Columbia
River Basin--electricity, and fish and wildlife. The entity created was the Pacific Northwest Power
Planning Council, best known as the Northwest Power Planning Council. To emphasize the
importance of fish and wildlife, Congress mandated that the Council develop the Columbia River

Basin Fish and Wildlife Program before developing a power plan.

The Council established the doubling of the abundance of the salmonid runs in the Colum-
bia River as a primary god of its Fish and Wildlife Program. Achievement of this objective could
result from: (i) an increase in the production of hatchery salmon, (ii) increases in the production
of natural spawning salmon, and (iii) increase in the downstream survival of smelts, with all three
factors likely to be involved in a truly successful stock rebuilding effort. Many management
actions have been taken in an attempt to increase downstream survival, including: (i) fish bypass
facilities--screens that divert juvenile salmon from turbines, passing them through the dam in a
separate water system; (ii) transportation of smelts, collected at the lower-end of the fish bypass
facilities, via barge to below Bonneville Dam where they were returned to the river; (iii) increased
flow during periods of heavy smelt migration--augmenting the spill of water over the dams and
thus moving more smelts over rather than through the darns; (iv) predator control--reducing the
population of northern squawfish (Prvchocheilus oregonensis) in the reservoirs. Each of these
actions were directed toward increasing the survival of fish from the time-of-release at the start of
the downstream migration until they entered the lower river below Bonneville Dam. While fish
bypass facilities have been evauated using fin-clipped or freeze-branded fish, and transportation
evaluated using coded-wire-tags; to date, no attempts have been made to evaluate predator control

efforts, flow augmentation, or other abiotic variables.

This study, using historical returns of coded-wire-tagged hatchery fish from Priest Rapids
hatchery, 1976-89, investigated possible relationships between survival of chinook smoit and in-
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river conditions during outmigration. The purpose of this study was to shed light on those river
conditions and operations that may substantially impact salmonid survival. Specifically, we chose
to look at temperature, flow, turbidity, transportation, spill, and total annua hatchery releases into

the Columbia river (by weight).

1.2 River Conditions Considered in This Study

The relation of turbidity and smelt survival has been debated for years. A contriversy
between recreational and mining interests on the Rogue River resulted in a study of the impact of
turbidity (Ward 1938), concluding that the added suspended sediment would not adversely impact
salmon in the Rogue River. Recent studies have confirmed that turbidity (except at high levels)
does not cause direct mortality (Servizi and Martens 1992). However, juvenile salmon that have a
choice will avoid turbid water (Bisson and Bilby 1982). Pulses of sediment can cause downstream
displacement of juvenile saimon (Berg and Northcote 1985) but the fish soon acclimatized to the
higher turbidity. Predator avoidance appears to be enhanced by increased turbidity (Gregory 1993,
Junge and Oakley 1966). Feeding behavior of juvenile salmon changed with turbidity. Juvenile
salmon underwent a log-linear reduction in reaction distance to food as turbidity increased, (Gre-
gory and Northcote 1993, Gregory 1988). Finaly, turbidity can be lethal when the concentration
of sediment in the water reaches levels sufficient to cause suffocation (Sigler 1988). These more
than justify its inclusion in this analysis. Turbidity was measured daily by secchi disk on the south

side of McNary Dam, upstream of the fish ladder.

A second factor considered was the total weight of hatchery smelt releases of steelhead,
coho, and chinook salmon for the entire Columbia River Basin. The probable impact was consid-
ered to be one of density dependence (Ricker 1954, 1975) where survival and total release would
be inversely correlated. There is some evidence for this in the case of coho salmon (McGie, 1984,
Pearcy 1992). Coho smolt releases were shown to be significantly correlated with reductionsin
survival. The mechanism was thought to be limitations on the food supply in the coastal regions of

the ocean.



A third environmental factor, flow velocity, was reduced with the construction of dams.
There is evidence that the downriver movement of the juvenile salmon has been slowed by that
construction (Raymond 1979). In the Columbia River, below the confluence with the Snake River,
Raymond (1979) found that migration rates for juveniles were on the order of 40 to 55 km/day for
free-flowing and impounded stretches at moderate river flows (about 8,500 m3/sec.), and in the
range of 24 to 27 km/day at low flows (about 4250 m3/sec.). Although the hypothesis that flow
and travel time are directly related (Berggren and Filardo 1993) is viewed as a basis for present
river management, the situation is not as clear as might be hoped because of apparently confound-
ing effects. For example, travel timeisrelated to the condition of juvenile salmon at the time of
migration. Their physiological condition is related to water temperature which, in turn, is related
to the time of year (Giorgi et a. 1988). The later in the year, the faster the juveniles appear to out-
migrate (Chapman et al. 1991). Flow at McNary Dam is estimated by the Army Corps of Engi-

neers from dam operation specifications.

Temperature is a widely recognized environmental variable that can have a major impact,
both positive and negative, on salmon survival. Brett (1952) performed laboratory studies to deter-
mine the temperature tolerance of young salmonids. In general, the upper lethal temperature for
Pacific salmon (the old genus Oncorhynchus) was about 25 degrees Celsius. The lower lethal Limit
was 4 degrees Celsius or higher if the fish were transferred from high to low temperatures without
acclimatization. Between the lethal extremes, temperature plays a mgjor role in metabolism. For
sockeye salmon, the optimum temperature is about 15 degrees Celsius. Above this temperature,
the metabolic rate diminishes, as does feeding and growth rates (Brett and Groves 1979, Brett
1979). Many investigators have done field studies to investigate the effects of temperature on
salmonids (examples include: Smit, et a. 1981, Kope and Bostford 1990, and Holtby et a. 1989),
and in general, warm temperatures near the lethal limit are very detrimental for juvenile fish. Tem-

perature measurements were taken from the scroll case at McNary Dam.

Water is spilled over the spillways when the flow is greater than the generator capacity of a
dam or a conscious decision is made to allow water to pass over, rather than through, the darns.
When water is spilled, a fraction of the downstream migrants go with the spill. For spring chinook

salmon smelts, this fraction is often assumed to be proportional to the fraction of water spilled

Page 5



versus what goes through the dam. Of the three ways for juvenile subyearling chinook salmon to
pass the Bonneville Dam (turbines, spillway and fish by-pass), the spillway causes the least mor-
tality (Ledgerwood et al. 1990). Spill reduces the proportion of fish exposed to turbine passage,
thereby reducing mortality rates. In contrast, increase in the amount of spill will cause an increase
in nitrogen saturation levels, which has been shown to be letha at high levels to juvenile salmon
(Dawley et al. 1975) in laboratory conditions. Though not proven in the field, this potential upper-
boundary condition and the general effect of spill on salmon survival warrants its inclusion in the
ana ysis. Spill at McNary Dam is estimated by the Army Corps of Engineers from dam operation
specifications.

Most studies of juvenile salmon and survival have concentrated on in-river measurement
and comparison, primarily using freeze branded fish to measure travel times. Such studies cannot
examine the survival of snel ts after they pass through the h ydropowers ystem. A potential source
of such datais coded-wire-tag (CWT) data. Since the early 1970s, thousands of groups of hatch-
ery and wild fish have been tagged in the Columbia Basin. The commercia and recreationa fish-
eries, as well as the hatcheries and spawning grounds, have been routinely sampled for returning
adult salmon with the CWTS. These data are then used for many purposes including the Pacific

Salmon Commission working groups to estimate survival of Columbia River stocks.

2. MATERIALS AND METHODS

2.1 Data

Coded-wire-tags (C WTs). The CWT is aso-caled “mass’ mark and is applied to large
numbers of fish using the same tag “code.” CWTs are not useful as tags for the identification of
individual fish. CWTS are inserted into the nose cartilage of the fish using a device specifically
designed for the purpose (Jefferts et al. 1963). Simultaneously, the adipose finis removed to indi-
cate the presence of a CWT. When a tagged fish is recovered, the origin of that fish can be identi-
fied from the retrieval of the tag. The data that are obtained from the CWT tagging program

includes location of original tagging, date of tagging, date and location of recovery, as well as

Page 6



many other items such as size of fish at tagging, species, number tagged, and how recovered.
These data are accumulated and stored electronically by the Pacific States Marine Fisheries Com-
mission (PSMFC). The PSMFC makes these records publicly available.

The CWT data form the basis for estimating survival of each tagged group used in this
study. Thus, it is important that the data be as complete and as accurate as possible. The informa-
ion on CWTS at the time of application and release is considered by most to be accurate. The
recovery data are another matter; agencies charged with recovery efforts attempt to sample a spe-
cific fraction (usually 20 percent) of each fishery and then expand the number of recoveries by the
sampling fraction. Though possible for most commercia fisheries, sampling sport fishing recover-
ies is more difficult, given the very large number of possible landing sites as well as the indepen-
dent nature of each person fishing and independent use of the captured fish. In addition, hatchery
detection efforts are subject to many variables including time demands on hatchery personnel.
Spawning ground surveys also present problems; water clarity, state of decomposition of car-
casses, etc. In summary, the commercial fishery sampling effort probably provides the best data

on recoveries and, coincidentally, the most abundant CWT recovery data.

The commercia fishery data are also subject to criticism. In particular, the way in which
the data are tabulated as to location of capture or location of landing can result in biases being
introduced into the data sets. Also, the data undergo changes through time due to the correction of
errors or the recalculation of sampling fractions, to mention two examples. As aresult, the data
kept by PSMFC will change from time to time. During late 1994 and early 1995, the recovery
data set underwent some major revisions. The revised data set was substantially different from the
earlier data, especialy for the Oregon coastal recoveries with smaller changes in data from other
states and British Columbia. We were alerted to these changes and delayed analysis until the

changes were implemented.

Environmental covariates. Variables included temperature, turbidity, flow, spill, and per-
cent spill. The data were obtained from the United States Army Corps of Engineers (USCOE)
Annual Fish Passage Reports, 1976-1989. Specifically, we used data from McNary Dam for the

months of April through August. The data were obtained as daily observations, permitting us to
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do detailed analysis using different time scales (e.g. daily, weekly or monthly). Plots of weekly

averages of flow, spill, turbidity and temperature (Figures 1-4, respective y) show that releases for

Priest Rapids occurred under widely varying conditions. How these conditions are characterized

is somewhat arbitrary, and only two methods were explored. One is to take an average value over

a specified time period. The value of each river covariate averaged over the 28 days following

each tag release at Priest Rapids (Table 1) display large standard errors.

Figure |: Average weekly flow a McNary Dam. 1976-1989. Releases at Priest Rapids are indicated by dots.
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Figure 2: Average weekly spill at McNary Dam. 1976-1989. Releases at Priest Rapids are indicated by dots.
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Figure 3: Average weekly turbidity at McNary Dam. 1976-1989. Measurements were taken with a
secchi disk, Releases at Priest Rapids are indicated by dots.
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Figure 4: Average weekly temperature (Celsius) at McNary Dam. 1976-1989. Releases at eriest
Rapids are indicated by dots.
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Table 1: Monthly average and standard errors of selected river covariates at McNary Dam
after release from Priest Rapid’s hatchery, 1976-19809.

Release
julian flow ﬂ;”\l spill il turbidity tur:i:ity temperate [emp::mm

year date

76 182 23048920 2512927 6143571  36575.02 233 0.26 16.94 0.95
76 182 239489.20 2512927 6143571 3657502 233 0.26 16.94 0.95
77 177 93489.29 21219.2} 0.00 oM 4.96 0.28 19.21 0.57
78 177 19913929  21448.38 142.86 524.53 237 0.36 17.62 0.91
79 142 210182.14 4013181 1543214  21512.75 204 0,26 14.50 0.5
79 178 126533.57  31240.30 0.00 0.00 324 0.35 18.93 1.29
79 178 126553.57 312$0.30 0.00 0.00 324 0.35 18.93 1.29
79 178 1265535  31240.30 0.00 000 324 0.35 1593 1.29
80 177 1-9220.00 33447.85 125714 489,84 1.6l 041 17.84 1.14
81 174 ~1567%85  47662.52 3125357 4684384 246 0.37 15.95 0.74
81 137 323146.43 80225.52  14(X31429 10662202 234 0.39 13.19 0.56
82 166 375535 -1 44052.23 21654643 6151607  1.78 0.50 15.67 0.75
82 137 342917.86 32356.43  1565%.43  31370.53 215 031 12.60 0.94
83 143 332089.29 4907247 13568571  5-$306.81 1.95 0.39 15.28 0.86
83 172 208635 .-1 1997471 1582.14 TH3IZ 22 0-1o 17.18 0.81
84 164 32574643 53853.34 14309286  $9355.29  1.90 0.34 [5.2s 113
84 164 32574643 53853.34 144092.86 4935529  1.90 0.34 15.28 113
84 164 32574643 53853.34 14409286 4935529 190 0.34 15.28 113
85 161 15693286 YWD258 0.00 0.00 2.8 042 17.54 145
85 161 15693286 2999258 0.00 000 288 0.42 1-54 145
86 %0 254493 Y, 38  3660-543 2460653 2.06 0.29 8.67 0.63
86 162 17690536 52637.56  900.71 1530646 207 0.39 17.24 113
87 124 219$0:14 3:91.98  32883.57  319536S  2.99 0.34 12.62 1.06
87 124 21940714 39:1.98 3288357  31%3.68  2.99 0.34 12.62 1.06
87 124 21940-14 3797198 3288357  31%63.68  2.99 0.34 12.62 1.06
87 124 219407.14  37971.98 32883.57 31953.68 299 0.34 12.62 1.06
87 123 22024143 37157.24 3294000 31894.80  3.00 0.32 1254 1.08
87 123 22024143  37157.24 3294000 3189480  3.00 0.32 1254 1.0s
87 123 2202$143 3715724 3294000  31894.80  3.00 0.32 1254 1.08
87 146  158191.07 34618.27 27536 145705 2% 0.37 15.22 1.45
87 175 106301.43  16441.2s 0.00 0.00 348 0.46 19.44 0.69
88 169 12364.$.29  20933.15 0.00 000 355 0.29 18.75 0.79
89 179 110425.36  17688.% 0.00 000 355 0.42 18.31 0.10
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bother method of covariate characterization entails summarizing the daily total outflow,
spill, temperature, and turbidity by a linear regression over the 28 days, in the form of

rivercov; = o; + B;x

where:
rivercov, = the river covariate for Priest Rapids hatchery release i (i= 1..33) inthisanaly-
Sis,
B, -the slope, or rate of change of the river covariate over the 28 days after the day
of Priest Rapidsrelease i ;
X = days O to 27 following the release from Priest Rapids; and
o = the intercept, or initia river covariate value at the time of Priest Rapids hatch-

ery release i .

The intercept represents the initial conditions at time of release, and the dope estimates the rate of
change of those conditions through the month (Appendix D contains plots of the resulting fits to
the data and R*’s). One of the obstacles to this kind of analysisis the general problem of syn-
chrony, applying information measured over a time period which may or may not apply to the
event being investigated. This method seems to better represent the river conditions experienced
by the Priest Rapids stock for their first month in the river, as all fish experienced the initial condi-
tion, and slope (average change from initial condition over the month following release) appears
consistent for periods longer than the 28-day period. As such, the slope would be the same
whether a week, month or longer time period was used. Intercept and slope were always used
together to determine significance of a particular river condition in each model. The area beneath
the fitted regression line for the 28 day period was calculated as follows:

Py

- 2
0

2

27 2
X
area; = _"(ﬁ‘-~x+ai) = {6’ +ai'x] +ai-27J
0

This area was used in subsequent calculations to determine the correlation among independent

and dependent variables.

Transportation. Estimates of fish guidance efficiency (FGE) were obtained from National
Marine Fisheries Service reports (Krcma et a. 1985, Swan and Norman 1987, Brege et al. 1988,
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and McComas et al.. 1993) to determine the fraction of fish transported from McNary Dam. These
reports summarized the results of experiments conducted at McNary Dam to determine the frac-
tion of spring and fall chinook smelts that go through the turbines or through the bypass system

~and thus into barges for transport to below Bonneville Dam. In addition to passage through the
turbines or through the bypass system, some smelts are spilled with water that is diverted over the
spillways. The consensus opinion on the fraction of fish that migrate over the spillways is that it is
directly related to the fraction of water that is spilled on a one-to-one basis.

The estimated proportions of CWT chinook released at Priest Rapids and transported from

McNary (P) were obtained using the following formula:

154
PT=Z(PG,') x (1-ps;) x (FGE)
i=0
where: pa; = the probability of arrival atday i (i = O,1,....154);
ps;  =the proportion of spill at day i;

FGE = the fish guidance efficiency, assumed to be a constant (FGE = 0.3); and
= O corresponds to the release day for the CWT group.

The values of ps, were calculated as the ratios between the average spill and outflow on day i.
Data were obtained from the Pacific States Marine Fisheries Commission (PSMFC) database. The
values of pa; were estimated from the distribution of travel times to McNary Dam of (&) freeze-
branded and (b) PIT-tagged chinook released at Priest Rapids. The travel times of freeze-branded
chinook from 39 samples, spanning 10 years (Table 7, Appendix C), were used to build a distribu-
tion for pa. A histogram was built from the freeze-branded data for travel times ranging from O to
154 days. All samples from the same year were scaled to 1000 fish before pooling them into an
average histogram for the year. The final overall histogram was then obtained by combining these
histograms resealed to 1000 fish. An dternative distribution for pa was estimated using the only
Priest Rapids PIT-tag release of fall chinook salmon available . Both pa distributions are shown
in Figure 5. Estimates of the proportions of CWT chinook released at Priest Rapids and trans-

1. The group consisted of 482 smelt released from between 6/13/94 and 6/21/94.

Page 12



ported from McNary (Pr) calculated using the values of pa; based upon freeze-brand (Pr )
and PIT-tag ( Pr,) samples and are displayed in Table 2. Because values of P,and Py were
amost identical, Pr was used in subsequent regression analyses.

Figure 5: Ditribution of pa for Priest Rapids chinook.
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Table 2: Estimates of P, based UPON freeze-brand ( P ) and PI T-tag ( P ) samples.

CWT Code  Release Date Pr Pr. CWT Code Release Date Pr Pr,
131101 7/01/76 0.2239 0.2205 632860 6/13/84 0,1750 0.1726
131202 7/01/76 0.2239 0.2205 633221 6/1 1/85 0.3000 0.3000
631662 6/27177 0.3000 0.3000 633222 6/1 1/85 0.3000 0.3000
631746 627778 0.2997 0.2996 632330 4/01/86 0.2676 0.2624
631821 51231719 0.2922 0.2947 634102 6/12/86 0.2985 0.2985
631857 6/28/79 0.3000 0.3000 51915 5/05/87 0.2609 0.2670
631%8 6/28/19 0.3000 0.3000 51916 5005787 0.2609 0.2670
632017 6/28/79 0.3000 0.3000 51917 5/05/87 0.2609 0.2670
631948 6/26/80 0.2990 0.2997 51918 5/05/87 0.2609 0.2670
632155 6/ 24/81 0.2823 0.2801 51919 5/04/87 0.2570 0.2606
632261 5/18/81 0.1631 0.1509 51920 5104187 0.2570 0.2606
632252 6/16/82 0.1224 0.1124 51921 5/04/87 0.2570 0.2606
632456 5/18/82 0.1645 0.1671 51922 5127187 0.2999 0.3000
632611 5124183 0.1868 0.1846 634128 6/25/87 0.3000 0.3000
632612 6/22/83 0.2987 0.2976 635226 6/18/88 0.3000 0.3000
632848 6/13/84 0.1750 0.1726 635249 6/29/89 0.3000 0.3000
632859 6/13/84 0.1750 0.1726
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Combining the probability of transportation with the estimated effect of transportation on
the smelt survival, an multiplicative adjustment to smelt survival (S) for the Priest Rapids release
groups for the probability of transportation is then calculated by:

Ci=Prr+(l- Pr) (equation 2)

where: C. = the (multiplicative) adjustment to a Priest Rapids release group’s survival estimate;
P, = the probability of transportation for Priest Rapids batch i;

t = the multiplicative adjustment to survival of transported fish.

To estimate t, a simplistic model of the expected number of fish recovered from a specific

release can be written as:
E(ny) = NSpt

where: ny = total number of fish recaptured;

N = the total number of smelt released;

s = percent surviva of the fish;

P = probability of recapture; and

Tt = the effect of transportation on the smelt survival.
A ratio of recovered transported releases over control releases gives an estimate of . A transpor-
tation study conducted by the National Marine Fisheries Service on fall chinook salmon
(Table C4, Appendix C) from 1986 to 1988 was analyzed to estimate the treatment-control ratio
(TCR) at McNary Dam. Using GLM (generdized linear models) and assuming a binomial error
structure, a log-link (Townsend and Skalski 1996) and a constant transportation-control ratio, the

model describing the recovered proportion from a specific release is:

E(pyi) =a: batch; - lo cation; * 1,

where: a = intercept;
Pijk = proportion of recovered adult fall salmon for release batch i, location J, treat-
ment &,
batch; = release covariate for groupi (i = 1 to total number of releases for year);

location; = recovery covariate |ocation j (j = dams, fisheries, hatcheries, or spawning

grounds); and
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Tk = transportation-control ratio (k = control, treatment). T=1 for control releases.
A fixed TCR was used to keep the adjustment for the probability of transportation simple. The
average TCR for the three years was determined to be 3.24.

Total Hatchery Contribution. The total weight of chinook, coho and steelhead salmon
releases per season were calculated from the CWT database from the Pacific States Marine Fish-
eries Commision (Figure 6). We used the total weight because each speciesis released at a differ-
ent size, and total biomass therefore was the best representation of total input to the river system.
The data for chinook and coho salmon were complete, while the steelhead data was not--only the
number of fish released were available for the steelhead production runs. To estimate the total
weight of steelhead, the release size was multiplied by the average weight of a CWT tagged run

for each brood year. The total did not include the production of wild salmon from Hanford Reach.

Figure 6:Total biomass of hatchery contributions to the Columbia River, 1976-89.
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Virtual Population Analysis. Hilborn suggested using a Virtual Population Analysis
(VPA)in Phase | (Hilborn et a., 1993a). To estimate the population size of each batch of salmon
at age 2, a process recommended by the Pacific Salmon Commission (PSC) was used (Argue et al.
1983, Gulland 1965). First, the number of recovered salmon per age level (i) was deter-
mined (N) . Each age class was then divided by the estimated survival (D) (Table 3) for salmon
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from age 2 (A,) to age i. Summing over these results gives the total estimated number of salmon

from that release batch that survived to age 2:
,

Ay = v

L5,

where;
N; = number of CWTs recovered at age i adjusted for sampling fraction,

D, =survival to age;, given that the fish survived to age 2.

An average VPA was used for downriver reference hatcheries that had more than one
batch released in agiven year. The VPA survival estimatesto age 2 (32) were based on the frac-

tion

5, =

]3>

where R isrelease size of the hatchery group.

Table 3: Values of survival rates from age 2 to year i, recommended by the Pacific Salmon
Commission for virtual population analysis (VPA).

Age conditional survival

(i) (D)

2 1.00000

3 0.60000

4 0.42000

5 0.33600

6 0.30240

72 0.21088

a D,was extrapolated using a quadratic model. as only divisors for ages 1 through 6 were available from refer-

ences.
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2.2 Statistical Analysis

Starting with al hatchery fall chinook CWT-tagged stocks in the river basin, selection of
potential reference stocks were based on the following criteria: 1) release dates: generally spring
released stocks; 2) developmental stage: similar to Priest Rapids stock; and 3) production and/or
index stocks (no experimental stocks). Cluster analysis on the prospective stocks, tabulated by
recovery age and location was performed to find those stocks with the closest ocean catch distri-
bution to the Priest Rapids stock. Using the “complete Iinkage”l clustering method in SPSS, the
five reference stocks with the least cluster distance from the Priest Rapids stock were selected for
further analysis. Chi-square statistics were calculated for varying levels of recovery-area size to
obtain a statistical comparison between the five reference stocks and Priest Rapids stock. Counts
for recovered CWT-tags, both adjusted and non-adjusted by the recovery fractions, were tabulated
into cells representing various recovery area sizes, and then the differences in distribution (and
thus, homogeneity) were estimated using a Pearson’s chi-square test. Despite significant differ-
ences (< 0.01) in ocean recovery patterns between candidate reference stocks and the Priest
Rapids stock, subsequent regression analyses were performed to investigate in-river survival rela-

tionships and the sensitivity of the analyses to the choice of reference stock.

Stepwise multiple regression analyses were used to describe surviva relationships and test
the significance of each river variable with each reference stock. Three approaches to the regres-
sion models were taken. The first approach was an extension of a model used by Hilborn et al.
(1993) (Appendix A) that attempted to simultaneously use al five reference stocks as controls for
variable ocean survival in conjunction with the Priest Rapids stock. The second approach used
general linear models (GLM) to analyze CWT return numbers as functions of numbers released
per batch, sampling fraction, and in-river conditions. These analyses directly matched a downriver
reference stock with the Priest Rapids stock to control for ocean effects. A separate analysis was
performed, corresponding to each of the reference stocks used. The third approach was based on
the use of virtual population analyses (VPA) estimates of survival of hatchery stocks to age 2. As
with the previous analysis, a downriver reference stock was matched with the Priest Rapids stock

1. A so known as the “farthest neighbor” clustering method.
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to control for ocean survival. Again, five separate analyses were conducted using each reference
stock matched one-to-one with the Priest Rapids stock. Interaction terms were not included here,
due to the sheer number of models which were explored--with six explanatory variables, there are
720 combinations, and with five reference hatcheries, that increases the analysis t0.3600 models.
Finally, there were six different approaches (with and without adjustment for the probability of
trangportation), for a total 21,600 models to analyze using just main effects. Clearly, there is alot

of unexplored territory here and opportunity for uncontrolled type | error rates.

A new aspect of thisanalysis was an attempt to adjust CWT recovery data for the effects
of smelt transportation a8 McNary Dam. A model-based adjustment for transportation was
included in the regression models analyzed. As such, six variations on the multiple regression
analyses were investigated as part of this report. Consistent results between the analyses would

add credence and robustness to any conclusions reached.

2.2.1 Response Model for CWT Analysis Used by Hilborn et al. (1993a.b)

The first general approach to the CWT analysis was to use all five reference hatcheries
simultaneously to offset the ocean survival and harvest rates, as no reference hatchery releases
displayed similar ocean distribution. An indicator variable was included in the regression analysis
to account for the difference between reference hatcheries. An indicator variable for year of
release was also included to reflect differences from year-to-year. The annual river conditions
were characterized as the daily average over a period of 28 days beginning the day of each Priest
Rapid’s release. Reference hatcheries had no river conditions associated with their release, so
were assigned the grand mean over years for each river condition. The annual deviation from the
grand mean of each river covariate was then calculated and used in the regression. The deviation
from the grand mean for river conditions experienced by each reference hatchery batch was set to

Z€ero.

However, the value of zero for the river covariate deviations for the reference-stocksis a

misrepresentation. In actuality, the appropriate designation for the reference conditions is as miss-
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ing values because river conditions were nonexistent at those sites. Treating the missing values as
zeros is inappropriate and can bias the regression results in a number of undesirable ways. This
model is included for comparison of results between this and the earlier Hilborn et al. (1993)

report and contrast with other model resullts.

The log-linear regression model used in this analysis can be expressed as:

obsreturns;;
R, ”) = By(relyr ;) + Byfhatchery) + x'B (model 1)

log

where:

= vector of fitted regression coefficients;

X ™

= the vector of covariates added to the model.

obsreturns; = the expanded number of observed returns for the ith batch and the jth year.;

R; = the total number of salmon released for the ith batch and the jth year;
relyr, = indicator variable for the@ release year (0 = 1976); and
hatchery = indicator variable for reference hatchery (0 = Priest Rapids).

2.2.2 Response Moddl for CWT Reanalysis Used by Hilborn et al. (1993 a.b),
Adjusted for Transportation

With transportation of fish from McNary Dam aso occurring during the time period used
in this study, an adjustment for the probability of transportation was needed. The expected number
of Priest Rapids hatchery CWT-tags recovered under a transportation regime can be expressed as

the log-linear regression model:

obsreturnsij
( P ) “log(pryt+ (1-Prij)) + Bi(relyr ) + Bylhatchery) + X'B (model 2)
i
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= the probability of transportation for the ith year, the jth batch of Priest Rapids
stock. The total adjustment is referred to as C;; as defined in Eq. 2, page 15,
where C; = (PrijT (1 - prij)] . For reference hatcheries, log(C) = O .

Prij

2.2.3 Response Model for Analysis of CWT Observed Counts, Not Adjusted for

Transportation

This approach used a log-linear regression to compare the Priest Rapids stock to each of
the downriver stocks separately. The response model was based on the expected value of observed
CWT recovery numbers at Priest Rapids and reference stocks where:

E(()bsprij) = Rpl-j- fPij (oceansurv) - (harvrate) - (rivsurv)

and
E(obsref;) = Rg;" fgr; (oceansurv) . (harvraie)
where:
obspr, = observed CWT count for the Priest Rapids hatchery stock for the jth batch in
the ith year (i = 1976, ..., 1989);
obsref; = total observed CWT count for the reference group released in the ith year;

oceansurv = ocean survival rate;

harvrate = harvest rate;

rivsurv = in-river surviva rate;

Rpjj = total number of fish released for Priest Rapids for the ith year, the jth batch;
Rpij = total number of fish released for reference stock for the ith year;

f pij — sampling fraction for Priest Rapids stock for the jth batch in the ith year (this

was calculated as the reciprocal of the expansion factor reported by the PSC);
[ri = sampling fraction for the reference stock for the ith year,

The ratio of the observed counts from Priest Rapids and a reference hatchery stock would

have the approximate (to the first term in a Taylor series expansion) expected value:

s R T

=l = -~ (rivsurv) uation 3
cﬁref‘-_ Rei v i (eq )
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and as such, the log-transformation of the expected value is:

0bspr; Rpij I py
logE j] = |log| =— ||+ mode! 3
eelpmel] = o | vt (mocd 3
where
Rpiif pij . . .
Iog( Refr:) = offset term in genera linear model (GLM) analys's;
RiJ Ri

B = the vector of fitted regression coefficients; and
X = the vector of covariates added to the model to describe river survival.

Multiple regression analysis was used to explore possible factors influencing in-river sur-
vival. The best single-variable model was determined first, then other independent variables are
added to see if they captured any further information. This forward step-wise procedure continued
until no further information was gained by adding additional variables to the model.

2.2.4 Response Model for Analysisof CWT Observed Counts, Adjusted for

Transportation

Adjusting for the probability of transportation of some of the Priest Rapids hatchery
releases, the expected number of Priest Rapids hatchery CWT-tags recovered under a transporta

tion regime can be expressed as.

E(obspr,-j) = RPij 'fPij‘ (oceansurv) - (harvrate) (rivsurv) * (pmt, pTiJ))

Denoting [py;;t+ (1 - Prip)) =C;(Eq. 2, page 15), then the expected value of the
ratio of recovery numbers at Priest Rapids to the reference stock (to the first term of a Taylor
series expansion) can be written as:

@ser,  Rey Jpi Cy

obsref, ~ e I,

-(rivsurv) (equation 4)
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where;

Pri;= probability of transportation of Priest Rapids hatchery fish at McNary Dam for the
ith year, the jth batch; and
< = the transportation-control ratio for these analyses set at t = 3.24.

The log-linear regression with the adjustment for the probability of transportation can be

expressed in the form:

obspr; Rpij  Ipi Cij
= log| —————— ||+ X' model 4
1ogE[obsrefi:! (og( Rri* fri vp ( )
Ry fo.C.:
where log(-—’;f/f;——”—’—’) was treated as an offset in the GLM analysis.
Ril Ri

2.2.5 Response Model for VPA Estimates, Not Adjusted for Transportation

VPA estimates were used as the response survival ratios, with a log-linear regression 0
compare the Priest Rapids stock to each of the reference stocks separately. The response model
was based on the expected value of the VPA survival estimates to age 2 where:

E(SPr,j) = (oceansurv) (harvrate) - (rivsurv)

and E(SRef) = (oceansurv) - (harvrate)
where:
SPr,-,- = VPA survivd estimate for the Priest Rapids hatchery stock at age 2 for the jth
batch in the ith year (i = 1976, . . . . 1989);
E (Sge £) =VPA survival estimate for the reference group at age 2 for thei th year;
oceansurv = ocean survival rae;

harvrate = harvest probability;

rivsurv = in-river surviva rate.

The ratio of the age 2 survival rates from Priest Rapids (S pr,)and a reference hatchery
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stock (S g, £, ) would have the expected value (to the first term in a Taylor series expansion) of

ISPr..

E| L = rivsurv

z

and as such, the log-linear regression model for survival would be of the form:

logE E’d = XB (model 5)
Ref, -

where:
B = the vector of fitted regression coefficients, and

X = the vector of covariates added to the model.

2.2.6 Response Model for VPA Estimates. Adjusted for Transportation

The adjustment for the probability of transportation was again included inthis model
before subsequent regression analyses examined the in-river surviva relationship. The expected

survival of Priest Rapids hatchery releases can be expressed as.

E(.§p,‘j)= (oceansurv) - (harvrate) - (rivsurv) - (FTUT + (1 Pru))

where:
S Pr, = VPA estimate of survival for the Priest Rapids hatchery stock at age 2 for the
Jjthbatch intheith year (i = 1976, ..., 1989);
Sre 7, = VPA estimate of survival for the reference group at age 2 for the ith year;

oceansurv = ocean Surviva rate;
harvrate = harvest rate;

rivsurv = in-river survival rate;
prj

T = the transportation-control ratio (set at 1 = 3.24).

= the probability of transportation for theith year, the jth batch;
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Denoting [py T+ (1 - pT.-,-)] = C,(Eq. 2, page 15), then the expected value of the ratio
of VPA survival estimates at Priest Rapids (S pr,) to the reference stock (Sr, 7.) (to the first term

of a Taylor series expansion) can be written as:

A

E Epri’; “Cy “ (rivsury)

Ref

— i

The log-linear regression with the adjustment for the probability of transportation can be

expressed in the form:

~

Ser.
mE[in] = In(C;) +xB (model 6)
SRef, -
where:
in(C; ;) = offset, the estimated adjustment for the probability of transportation for the ith
year, the jth batch of Priest Rapids stock;

B = the vector of fitted regression coefficients; and
X = the vector of covariates added to the model.
3. RESULTS

This section begins with the analysis to identify appropriate reference stocks, followed by
a section on the correlation of the river covariates. Next are the analyses of the various response
models for the CWT data. In all, six response models were investigated A summary of findings

from the analyses of the various models is contained in the next section.

3.1 Reference Stocks

Because we attempted to analyze for the impact of river variables on survival, it was nec-

essary to control for ocean conditions in the analysis of CWT data. One possible way to accom-
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plish this was to locate stocks that were hatched or reared at or below Bonneville Dam that had
similar ocean distributions to Priest Rapids stock. Because the precise ocean distribution of
Columbia River stocks is unknown, ocean catch distributions were analyzed based on CWT catch

data. The goal was to find stocks that could be used as reference stocks (not true controls).

3.1.1 Choice Of Reference Stocks

Figure 7: Map of hatcheries used in this analysis.

A\

# riest Rapids Dam

Grays River
Cowlitz

J /Washougal /..\

Bonneville Brights

Tanner’s Creek  Bonneville Dam

The choice of hatchery stocks to act as references in the analysis was begun using the clus-
ter analysis from the draft of the previous report (Hilborn et al. 1993 b). Specifically, we started
with the five fall, ocean-type hatchery stocks of chinook that cluster analysis indicated had the
closest ocean catch distribution to the Priest Rapids stock (Table 5). There were usually several
tag groups associated with each of the reference hatchery stocks, as well as numerous Priest Rap-
ids hatchery stocks. Many of the tag groups were released at different times and were treated dif-
ferently for various experimental purposes. We therefore selected a subset of the tag groups from
each stock with the idea of reducing variability in the data set. The selected tag groups (Appendix
C) were those that had been treated as normal production groups. The most up-to-date data (as of
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November 1995) was obtained and analyzed the ocean catch distributions.

Table 4. List of potential reference hatcheries which were used in a cluster analysis against Priest
Rapids. Hatcheries which consistently showed small distances from Priest Rapids were selected

for this analysis (Table 5).
Stock Brood year(s) Stock Brood year(s) Stock Brood year(s)

Abernathy 73-81.89 Kalama River 73-81.88 Sea resources 78-81

Big Creek 71,76-89 Klaskanine Hatchery 74,76-81,86-88 | South Fork Klaskanine Pond  80-87

Big White Sdlmon 78 Klickitat Hatchery 75-81,86 south Santiam 7

Bonifer Pond 84 Lewis River 76-79,83,34 Speelyai 78
Bonneville Hatchery ~ 76-89 Little White Sdmon ~ 76-81,83-83 Spring Creek 72-89

Cowlitz 77-88 Lower Granite Dam 72 Stayten Pond 76-89
Elokomin 73.76-81.85,88 | LyonsFerry 83-89 Toutle 71,72,76-78,87
Fallert Creek

(lower Kalama) 71.72.77,79-81 | oxbow 79-81 Turtle Ponds Creek 82-87

Grays River 74-82.84,85.88 | Priest Rapids 7588 Vanderveld: Ponds 80

Hagerman 78-81.83,84 Ringold Hatchery T71L.75.77 Washougal River 73.76-87
Irrigon 84-89 Rock Creek Net Pens 85 Youngs Bay Net Pens 89

Table 5: Distance measures from cluster analysis, using Priest Rapids stock as the basis of
comparison. Three types of distance measures were used: “Euclidean”, “city block” and
“Chebychev”. Euclidean distance is the sum of the squared differences in values for each variable,
city block is the sum of absolute differences in values for each variable; and Chebychev isthe
maximum absolute difference in values for any variable.

Distance Measures

Hatchery Stock  City Block Chebychev Euclidean
Bonneville 0.6070 0.1825 0.2300
Cowlitz 0.5370 0.1230 0.2103
Grays River 0.6229 0.1386 0.2486
Washougal 0.4315 0.0882 0.1521
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3.1.2 Ocean Distribution Analysis

Tests for homogeneity of ocean distribution of stocks released 1976 to 1989 were con-
ducted using the CWT ocean catch data, comparing each of the downriver stocks thought to be
most like Priest Rapids stock (Table 5). The ocean catch data was considered at three levels of
detail; (1) location within state/province, (2) grouped by state/province, and (3) grouped by state/
province and by catch year. Locations within state/province were the standardized locations for
that state/province fisheries agency and used in the Pacific Sdlmon Commission’'s CWT database.
Marine catches were grouped by region within state/province as the smallest area detail reported
consistently in the CWT database (Table 6), then grouped by state/province (Table 7), as region
within state/province had a high number of zero count cells in the distribution table. The third
comparison tested the hypothesis that the ocean distribution was homogeneous by year and area
of catch. Chi-square values ranged from (P ( x 52 >563.39) = O) (Bonneville brights, grouped by
state/province) to over ( P (Xl 112> 13008.64) = O) (Tanner Creek, grouped by state/province
and by year). None of the potential reference groups were homogeneous ( a « 0.01) in ocean
recovery distribution with the Priest Rapids stock, but the Bonneville brights and Grays River
stocks were the least unlike the Priest Rapids stock for all of the comparisons (Table 8). This non-
homogeneity between the Priest Rapids stock and the candidate stocks mean that any analysis
conducted using a treatment/reference relationship cannot attribute any differences in survival
rates entirely to the conditions that the Priest Rapids stock experienced within the Columbia River

and not to circumstances that occurred while the salmon were in the ocean.

Table 6: Number of CWT recapture records of fall chinook salmon with indicated
reporting level for each hatchery (marine catches only), 1977-1994.

Reporting Level Detail

state region area location sub-location

Bonreville Brights 3659 34723287 880 1906
Bonneville Tanner C. 3635  34% 3373 1002 1951
Cowlitz 1354 1330 1308 567 637
Grays River 687 666 648 198 357
Priest Rapids 4206 3906 3536 727 2123
Washougal 2042 19731880 477 1095
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Table 7: Expanded CWT recapture counts of fall chinook salmon by state and hatchery, *

1977-1994.

AK BC

WA OR

CA High Seas

Bonneville Brights
Bonneville Tanner C.
Cowlitz

Grays River
Washougal

Priest Rapids

2760.71 7247.18 1390.10 578.41 63.18
1543.99 7435.71 2497.66 622.14 36.46
257.60 1923.04 1512.75 632.09 6.61
247.63 1323.53 569.03 136.61 22.78
746.74 4282.69 1624.37 415.19 12.08
3939.98 8501.30 800.21 213.01 34.39

32.23
4491
26.94
1419
31.09
41.56

As a further demonstration of the difficulty in selecting an adequate downriver hatchery to

be used as a reference stock for the Priest Rapids' releases, a test of homogeneity was done on just
the Priest Rapids' ocean catch distribution (Table 9). Even the 9 replicate releases! in 1987 from

Priest Rapids, P (% 120‘ > 266.62) = O, did not have a homogeneous ocean distribution.

Table 8: Pearson’s chi-square test for homogeneity in CWT marine recapture counts, 1977- 1994;
Priest Rapids versus the indicated downriver hatchery. (a << 0.001 for al tests).

comparison

Bonneville Brights

Cowlitz

Grays River

Tanner Creek

Washougal

Degrees
2

X Fr:eiiom

Degrees
2 of
e
Freedom

Degrees
2

X Fr‘:eeEom

Degrees
2 &
x of
Freedom

Degrees

2 ‘

X Fr:eegom

Expanded catch
counts using loca-
tion within state/
province

Expanded catch
counts grouped by
state/province

Expanded catch
counts grouped by
state/province and
by year of catch

1185. 66 41

563. 39 5

8346.43

4978. 61 41

4244.57 5

10333. 16 12

2095. 98 41

1253.76 5

(5428 .11 112

7806. 84 45

212741 5

13008.64 1112

3235.85 43

h

2136.12

6307.17

1. Table C 1 on page 142 has the breakdown of the counts data.
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Table 9: Pearson’s chi-square test for homogeneity in CWT marine recapture counts of Priest
Rapids hatchery only, 1977 to 1994.

Degrees

Comparison score Freg(];om

Expanded catch counts using location within state/province 52779.37 39
Expanded catch counts using location within state/province and ~ 6122.62 468

year of catch

Expanded catch counts grouped by state/province 17440.61 4
Expanded catch counts grouped by state/province and year of 1841.12 48
catch

3.2 Correlation of Independent Variables

Tables 10, 11, and 12 display the correlation coefficients calculated among the indepen-
dent variables of flow, turbidity, temperature and spill. Tables 10 and 11 are for the method of lin-
ear regression characterizing each covariate, and Table 12 is the correlation determined between
covariates characterized as monthly averages. F1ow and spill were highly correlated (- = 0.917),
indicating that increased spill usually corresponded with increased flow. At the other extreme,
spill and temperature had an inverse correlation (r = -0.346). An expanded correlation matrix was
generated for all of the independent variables (Table 10). The most highly correlated variables
were the intercept of spill and the intercept of flow (r = 0.919), while the intercept of temperature
had a low correlation with the intercept of spill (r= 0.016). Hatchery contribution was negatively
correlated (r =-0.205) with flow. Temperature was the least correlated to the other river condi-

tions, which may explain its inclusion in most “best” models.
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Table 10: Correlation matrix for river conditions at McNary Dam for the 28-day period following
fall chinook releases at Priest Rapids hatchery, 1976-1989. Correlations are cal culated using the
area under the regression line for flow, turbidity, temperature and spill (equation 1), the average
spill ratio for the 28-day time period and the annual total contribution from hatcheries (lbs.).

Variable Fow  Turbidity — Temperature  spill Spill Ratio  Harchery Contribution
Flow 1.0000  -0.786' -0.565' 09172 0938 -0.205
Turbidity -0.786 1.000° 0.353° -0.617 -0.628° 0.315
Temperature -0.565* 0.3532 1.0007 -0.346 -0.431 -0.306
Spill 0.917¢ -0.617 -0.346 1.000° 0.987° -0.201
Spill Ratio 0.938* -0.628 -0.431 0.987 1.000 -0,180
Hatchery contribution -0.205 0315 -0.306 -0.201 -0.180 1.000°

a Correlation is significant (a< 0.05). with a Pearson’s product moment correlation coefficient test.

Table 11: Correlation matrix for the individual elements of the river conditions at McNary Dam
for the 28-day period following fall chinook releases at Priest Rapids hatchery, 1976-1989.
Notation “a" indicates intercept term and “b” indicates slope term in regression of environmental
variables against time.

Variable Flowa Flow.b Spill.a  Spilllb  Turba Turbb  Tempta  Temptb  Spill Ratio H. Con.
Flow.a 1.000° -0.498% 0919 0583 -0675 -al73 -0.547 0160  o.83s® -0.088
Flow.b 0498  1.000° -0465% 0869 0269 -0.085  0.150 -0.338 -0.U( -0.225
Spill.a 0919 0365 1000® 0656° -0.33 -0.116 -0.33 0.016 0.878% -0.106
Spill.b -0583" 0.869° 0.656 1.000° 0.29% -0095  0.1-1 -0.115 -0.236 -0.098
Turb.a -0675" 0269 05332 0296 1.000° 0364  ().2%5 04200 -0.508° 04112
Turb.b -a173 -0.085  -0116 -0095 -0.3&4* 000" 0262 0.313 -0.220 -0.366
Tempt.a -0.54-" 0.150 0337 0171 0295 0262 | op0* 0215 412 -0.308
Tempt.b 0.160  -0.338 0016 -0.115 -0.420*  0.313 0215 1.003 -0.041 0.046
Spilt Ratio 0.835"  0.040 0878* -0236 -0.508" 0220 -0.412 -0.041 | 000 -0.180
Hatchery Contribution  -0.088  -0.225  -0106 -0.098 0411* -0.33%  -0.308 0.046 -0.180 1.000%

a. Correlation is significant (a< 0.05), with a Pearson’s product moment correlation coefficient test.
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Table 12: Correlation matrix of average river covariates at McNary Dam for the 28-day period
following fall chinook releases at Priest Rapids hatchery, 1976-1989. The Hilborn model uses the
deviance from the grand mean to characterize ariver covariate.

Vaiable Flow spill Turbidity  Temperawre (C)  spill Ratio C':ﬂ?trfgft?gn
Flow 1.0000° 091652 -0.7860° -0.5655' 0.9384' -0.2046
Spill 0.9165 1.0003 -0.6167' -0.3463 0.9871 -0.2013
Turbidity -0.7860° -0.6167° 1.0000 0.3530 -0.6277 0.3153
Temperature (C) -0.56552 -0.3463 0.3530 1.0000 -0.4305' -03058
Spill Ratio 0.9384' 0.9871° -0.6277 -0.4305' 1.0000 -0.1795
Hatchet-j Contribution -0.2046 -0.2013 0.3153 -0.3058 -0.1795 1.0000%

a. Correlation is significant (a< 0.05), with a Pearson’s product moment correlation coefficient test.

3.3 Fitted Response Models

Because all of the reference stocks had significantly different (a « 0.01) ocean distribu-
tions when compared with Priest Rapids stock, each reference stock was used to check for the
sengitivity of the regression results to the selection of reference stock. Consistency of results
across different response models and different reference stocks suggested relationships that might

be considered meaningful.

3.3.1 Analysisof Model Used by Hilborn et al. (1993a. b). Not Adjusted for

Transportation

Model (1) was originally presented in the first draft of the report (Appendix A) with the
addition of the additiona independent variables discussed above. Averages of flow, spill, turbid-
ity, and temperature were considered. In addition, indicator variables for release year and hatchery

were used instead of conducting independent analyses against each reference stock. The indicator
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variables for year (P(Fy3304 > 40.24) = 1.0x10'°) and hatchery P(Fs 35> 9.07) = 4.61x10°%)
were highly significant and were treated as the base model for further analysis (P(F ;5200 > 36.39)
<< 0.001).

Each of the independent variables were tested against the base model with all but tempera-
ture showing significance (Tables 13 and 14). The base model with hatchery contribution was the
most significant (P(F ,es > 20.23) = 9.86x 10-M)). The next most significant variable was flow
(P(Fs007 > 24.93) = 9.8 IXIO'1)); with spill, turbidity and spill ratio close behind (P(Fag > .
24.73) = 1.16x10-10), P(Fa9; > 24.74) = 1. 15x10-10), P(F, .9, > 24.49) = 1.43x10710)), respec-
tively. The normalized residuals plot (Figure 8) for the best fitting model, hatchery + release vear
+ hatchery contribution +-flow, show an approximately normal distribution of model error, with

the vertical stratification due to the use of indicator variables in the model.

Table 13: Summary of R? for single river conditions for the Hilborn et a. (1993a,b) model (1),
unadjusted for probability of transportation.

river condition p vaue R?

hatchery 461x10° 06325
Base Model

release year <LOX10-* 0.6866

hatchery contribution 2 555109 0.7219

turbidity 2.09x10%°  0.7094
Base Model flow 9.86x10°  0.7065
+ 1 River Condition . 05

-spill 1.26x10%  0.7061

soill ratio 0.0001 0.7029

temperature (C) 0.9559 0.6866
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Table 14: Summary table for best fit models using Hilborn et al. (1993a,b) model (1), unadjusted
for the probability of transportation. Standard errors of the coefficient estimation are in
parenthesis.

No. of - 2
Model Variables Best Fitted Model R P
Base Model 13 v=-4.00770s%00 - 1619007 104*relyr77 - 0.6325 <1.0x10716

2.04830.7104*1elyr78 - 2.36352w.6201*relyr79 -
2. 1576106265*1elyr80 -1.675 Lio.coom *relyr8 |-
2.498806132*relyr82 - 1.085%06175)*relyr83 -
1.195706132*reiyr84 + 0.03290.1 14*relyr85 -
1.5 1640.6697*1relyr86 - 1.0846(0.5854*relyr87 -
3.5365 wssom*relyr88 - 2.4512(0.61 14/*relyr89

8 v =-4.0077 ©5%0) - 1.3457 0629*relyr77 -1.827 |(0.67w*@r78- 0.6866 < 1.0X10-°

1.983 1(0.5596) *relyr79 - 2.0100w.3954)*relyr80 -

1.4442(0.5833)*relyr8 1- 2.33340.5860*relyr82 -

1. 1035¢0.5906)*relyr83 - 1.2283 (0.58s8)*relyr84 +

0.0617w.5876)*relyr85 - 1.2218( 0.6351)*relyr86 -

0.74500.56+1y*relyr87 - 3.18190.5700) *relyrd8 -

2.2921 w.se71y*relyr89 + 0.6181(0.71 1 )* brights -

0. 1800w.22*cowlitz - 0.8827( n.2331y*grays -

0.3885:0.160m*tanner + O. 17800.2438)*washougal

Base Model 9 v =-5.66400573) - 0.023006705 *relyr77 - 0547306698 *relyr78  0.7219 < 1.0x10™
+ hatchery -0.3543(0.6163)*relyr79 - 0.224%0s6358*relyr80 +
contribution ().3083(0.6ww* dyr81 - 0.5%41 we212*relyr82 +

0.6203(0.62391*relyr83 + 0.505506206 *relyr84 +
1.7619w0.6196)*relyr85 + 0.2300w s+ *relvr6 +
0.24990.6235)*relyr87- 1.25320.62281*relyr88 -
0.35720.6373*relyr89 + 0.4959( o.2002)*brights -
0.2549¢ 0.2105)*cowlitz - 0.8641 w.2200*grays -
0.6346¢0.1571y*tanper + 0.1501 0.2301 *washougal -
9.83x10( 1.60x10"'%*hatchery contribution

Base Model 20 v =-3558350s67 + 0.135 Sos615*relyr77 - 0.7317 <1.0X10-16
+ hatchery 0.549206390)*relyr78 - 0.2984«0.6066)*relyr79 -

contribution 0.30420.6260*relyr80 + 0.1721 ost13*relyr8 1 -

+ flow 0.783 lwosizn*relyr82 + 0.484%0s6152)*relyr83 +

0.2913061sm*relyr84 + 1. 711 lioswo*relyr85 +
0. 1870w.6339y*relyr86 + 1. 1429%06143*relyr87 -
1.3508/0.6135)*relyr88 - 0.43690.6273) *relyr89 +
0.5386¢0.1974)*brights - 0.21580.2075*cowlitz -
0.90390.2168)*grays - 0.6292.0. 1548)*tanner +

0. 1537.2es1*washougal -

8.35x 107 “(162x10"%*hatchery contribution +
5.93x 10™ Va1 .s0x10%y* low
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Figure 8: Normalized residual plots for Hilborn model, not adjusted for transportation
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3.3.2 Analysis of Model Used by Hilborn et al. (1993a, b). Adjusted for

Transportation

This analysis was identical to the onein Section 3.3.1, except that the VPA survival was
adjusted for the probability that juvenile fish were transported via barge to below Bonneville Dam
(Eq. 2). As above, we used the model presented in the first draft report (Hilborn et al. 1993b,
Appendix A) and added additional river variables for the analysis of this model in this report.
Indicator variables for release year (P(F 3304 > 38.80) < 1.0x10-16) and hatchery P(Fs3,»> 7.57) =

9.90x10°%”) were highly significant and were considered as the base model for all further analysis

(P(F13,200)> 34.74) <1.0x10-16)).
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Each of the river covariates were tested against the base model with all but temperature
showing significance (Tables 15 and 16). Hatchery contribution was the most significant (P(F).20s)
> 38.86) = 1.55x100)) of the additiona single river variable models. After hatchery contribution
was included in the model, spill was the most significant (P(F'; .9, > 27.82) = 9.74x 10-12)); with
flow, turbidity and spill ratio close behind, P(F,.s, > 27.63) = 9.90x10""), P(F; 597 > 26.55) =
2.46x10°1), P(F, 597 >27.34) = 1.26x 10-12), respectively. At the next level of complexity, none of
the additional independent variables were significant and no further analysis was conducted. The
normalized residuals plot (Figure 9) for the best fitting model, Aatchery + release vear + hatchery
contribution + spill, show an approximately normal distribution of model error, with the vertical

stratification due to the use of indicator variables in the moddl.

Table 15: Summary of R’for single river conditions for the Hilborn et al. (1993a,b) log-linear
model (2), adjusted for probability of transportation.

River Condition P R?

hatchery 9.90X10" 0.1082
Base Model

release year <1.0x10°'  0.6240

hatchery contribution 1.55X 10-09 0.7138

turbidity 429x10°7 07031
Bae Moddl spill 8.83x100"  0.7017
+ | River Condition flow 886X 10-07 0.7017

spill ratio 6.05x107%  0.6980

temperature (C) 0.8742 0.6765
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Table 16: Summary table for best fit models using log-linear response model (2), adjusted for the
probability of transportation. Standard errors of the coefficient estimation are in parenthesis.

No of

Variables Best Fitted Model R: P

Model

Base Model 13 y = - 4409 loss2n - 1.346130.7120)*relyr77 - 0.6240 <1.0x10°16
1.77530 129 *relyr78 - 2.1102(0.62~)*|dyr79 -
1.7990w0.628m*relyr80 - 1.314706120)*relyr81 -
2. 129306154*1elyr82 - 0.741 706197 *relyr83 -
0.85190.6154*relyr84 + 0.3772w6136)*relyr85 -
1.27740.6722)*relyr86 - 0.72280.5875)*relyr87-
3.143 lw.ssin*relyr88 - 2.078406136)*relyr89

18 v = -4.4001 o544 - 1413806780 *relyr77 - 0.6765 <1.0x10-16

1.89370.6801)*relyr78 - 2.0532c0.5943)*relyr79 -

2.06530.6042y*1elyr80 - 1.4882%0s880*relyr81 -

2.36260.5904)*relyr82 - 1.1498 0.5953y*relyr83 -

1.25940590s*relyr84 + 0.005 1o.59m)*relyr8S -

1.2856w 6402 *relyr86 - 0.7985w035687*relyr87 -

3.23440.5747*relyr88 - 2.345 Yo0.s019*relyr89 +

1.0650c0.2128*brights + 0.26760.2245*cowlitz -

0.42420.2350) *grays + 0.0647 0.1613*tanner +

0.63040.24s7y*washougal

Base Modd + 19 y=-6.099903802 - 0.06350678 *relyr77 - 0.7138 <1.0x10°16

hatchery 0.58720.6741y*relyr78 - 0.3904w 6200 *relyr79 -

contribution 0.242810.639*relyr80 + 0.30090.6230*relyr81 -
0.586%0.6252*relyr82 + 0.609%0.6:9*relyr83 +
0.515 los26*relyr84 + 1.74070.6236)*relyr85 +
O. 196506483 *relyr86 + 1.2380ws275*relyr87 -
1.265406268)*rel yr88 - 0.370506419*relyrg9 +
0.9403 (02015*brights + 0.191 L0.2119*cowlitz -
0.4052w0.2214y*grays -0.207 li.1581 *tanner +
0.60190.2316*washougal -
10.03 %107 c(101'%*hatchery contribution

Base Modd + 20 v = -5.98 16w.5682) - 0.01820.6600*rel yr77 - 0.7272 < 1.0X10-*
hatchery 0.545806593*relyr78 - 0.3847 06063 *relyr79 -
contribution 0.3520w52641*relyr80 +0.1315(0.bl 17*relyr8! -
+ spill 0.8637w0s136*relyr82 + 0.44680.6100*relyr83 +
0.2206106156)*relyr84 + 1.63320.6095)*relyr85 +
0.1869.6340*relyr86 + 1.090%0s148)*relyr87 -
1.41 12w0141y*relyr88 - 0.5105(0,6~2)* relyr89 +
0.99470.1975)*brights + 0.23330.2075)*cowlitz -
0.446702168) *grays - 0.1758( 0. 154s)*tanner +
0.6061 ©.226+y*washougal -
8.55x107 Y 62¢ 1'% *hachery contribution +
8.74x 107 (2. 28x10%)*spill
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Figure 9: Normalized residual plots for Hiliorn model, adjusted for transportation.
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3.3.3 Analysisof CWT Observed Adult Counts. Not Adjusted for
Transportation

The independent variables were tested in the model (3), one factor at a time for each ref-
erence stock (the slope and intercept were forced together into the model) for flow, spill, turbidity
or temperature. The single-effect models (Tables 17 and 18) showed that flow, turbidity and spill
ratio were significant with three of the reference stocks; while spill, temperature, and hatchery
contribution were significant twice. None of the covariates were significant using the Cowlitz
stock as the reference. The best models, based on the analysis of selected possible models for each
of the four reference stock were: Grays River, temperature and hatchery contribution (P(F5 ;>
7.09) = 0.0039); Bonneville, turbidity and temperature (P(F,», > 8.15) = 0.0003); Washougal,
flow and spill ratio (P(F,, > 8.50) = 0.0006); and Tanner Creek, spill ratio, turbidity and temper-
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ature (P(F55, > 15.06) = 1.79x10W). The normalized residuals plot (Figure 10) for the best fitting

Table 17: Summary of R* for single river conditions for each reference hatchery stock, using log
-linear response model (3), unadjusted for probability of transportation.

River Conditions Bonneville Brights Cowlitz Grays River Tanner Creek Washougal
Flow 0.2362* 0.1234 0.2694 0. 3557* 0. 3695"
Hatchery Contribution 0.3 146 0.1077 0.0811 0.3465' 0.0455
Spill 0.2348" 0.0624 0.2181 0.4056* 0.1924
Spill Ratio 0.1825* 0.0550 0.2206* 0.3762 0.1227
Temperature (C) 0.0514 0,0805 0.5465' 0.0253 0.2461*
Turbidity 0.4558* 0.1852 0.2525 0.3-433 0.2535*

* indicates significance at p < 0.05

models show approximately normal distribution of model error in each comparison. The differ-
ence in groupings for each reference hatchery highlight the non-robustness of reference hatchery

selection.
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Table 18: Summary table for the best models for each reference stock using log-linear response
model (3), unadjusted for the probability of transportation. Standard errors of the coefficient
estimation are in parentheses.

Reference

No. of

Hatchery Variables Best Fitted Model RZ P
Bonneville 2 y=3. 112501746 - 1.6%8(0.4191)* turbidity.a - 2.0123 qss170) * 0,449 0.0007
Brights turbidity.b

4 ¥ =2.9043 191 13) - 1.89240.4180) * mrbidity.a - 1. 1545207729 * 05345 0.0003
turbidity.b + 0.13600.1 153) * tempt.a - 11.33937.2263) * tempt.b
Cowlitz 0 ¥ = 0.7020(0.1107) 00000  1.23x10°%
Grays River 2 y=4.47251.1112)- 0.1267 (0.0678) * tempc.a - 13.6247(3.4638)* tempt.b 05165 0.0027
Tamer Creek 1 v=-0.4967 03209 + 5.2 190( 1.3180) * spill ratio 03762 0.0003
3 v=-1.87970.435) + 7.5598 1.6530 * spill ratio + 0.20950.4193 * 06489  1.16x10°
turbidity.a + 55.043 1(1s.3932) * turbidity.b
5 y = 1.2263(2.1045) + 6.0139(1.4805) * spill ratio - 0.4767 (0.4044) * 0.--39 0.7739
turbidity.a + 50.9806¢15.4785) * turbidity.b + 0.03 15(0.0920) * tempt.a
-14.073049549) * tempt.b
Washougal 2 y =-0.4806(03643) + 4.66x10°%, -, ,,% *flow.a 0.3695 0. 0050
+ 1.44x 109 &, 0% *owb
3 Y =-2.017006317 +14.94x10%3 87x10%) *flow.a + 2.92x 10 6.59x 10 0.5368  0.0006

Sy fiow.b- 4.5242(1.6052 y*spill ratio
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Figure 10: Normalized residual plots for CWT observed adult counts, not adjusted
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3.3.4 Analysis of CWT Observed Adult Counts, Adjusted for Transportation

The independent variables were tested in the model (4), one factor at atime for each refer-
ence stock. The single variable models (Tables 19 and 20) showed that spill ratio and turbidity
were significant in four of the reference cases; flow, hatchery contribution and spill were signifi-
cant three times, while temperature was significant only once. The best models, based on analysis
of selected possible models for each of the five referen¢e stocks were: Grays River, temperature
(P(Fy 15 > 9.14) = 0.0024); Bonneville, turbidity and temperature (P(F,,, > 8.57) = 0.0003);
Cowlitz, turbidity ((P(F,,; > 2.24) = 0.0334); Washougal, flow and spill ratio (P(F; 5, > 10.24) =
0.0002); and Tanner Creek, spill ratio, turbidity and temperature (P(Fs,, > 16.46) = 8.58x10™").
The normalized residuals plot (Figure 11) for the best fitting models show approximately normal
distribution of model error in each comparison. The difference in groupings for each reference

hatchery highlight the non-robustness of reference hatchery selection.

Table 19: Summary of R'for single river conditions for each reference hatchery stock, using log-
linear response model (4), adjusted for the probability of transportation.

River Condition Bonneville Brights Cowlitz Grays River Tanner Creek Washou gaj
Flow 0.2'761" 0.2216 0.3201 0.3916* 0.4634"
Hatchery Contribution 0321 1* 0. 1307 00767 0.3405' 0.0518
Spill 0.2776 0.1490 0.2835 0.4465 0.2708~
Spill Ratio 0.2218* 0.1372 0.2863" 0.4165' 0.2053*
Temperature (C) 0.0450 0.1003 0.5534" 0.0249 0.2604*
Turbidity 0.4744% 0.2550+ 0.2898 0.3.$86" 03077

* indicates significance at p <0.05
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Table 20 Summary table for best models for each reference stock using log-linear response
model (4), adjusted for the probability of transportation. Standard errors of the coefficient
estimation are in parentheses.

Reference No. of R
Hatchery Variables Best Fitted Model R? p
Bonneville Brights 2 y = 3.01220.151) - 1.8185 04228 * turbidity.a - 5.6082a14.6468) * 04744 0.0004
rurbidity.b
N Yy = 2.74720.938) - 2.0205 04227 * turbidity.a + 5.3 198 21.007) * 06092 0.0003

turbidity.b + 0.1401(0.1196) * tempt.a - 11.1532(7.3078)* tempt.b

Cowlitz 2 y = 1.69840.340) - 0.54800.1975) * turbidity.a - 7.4407( 6.5788) * 0.2559  0.0334
turbidity.b
Gray's River 2 y=43101(1.1511) - 0.1437 0oon * tempt.a - 14.0718.33883)* 05534 00024
tempt.b
Tanner Creek ! y =-1.0189(03210)+ 5.6780 13181 * Spill raao 04165  0.0002
3 y =-2.4282(1.4363) + 80425( 1652 * Spill ratio+ 0.2172( 04100 * 06721 204x10710
turbidity.a + 55.2616 153809 * turbidity.b
y = 0.6017C10I9) + 6.5 107(1.4:8:*spill ratio - 0.47090.4030) * tur- 07891  8.58x10°"
5 bidity.a +50.7643(15.4591) - turbidity.b + 0.036200019) * tempt.a-
13.9241 (19487 * tempe.b
Washougal 2 Y =-1.152203532) + 5.70x10°% 143109 * flow.a +1.62x10° 04634 0.0008
*4.43x10%) * flow.b
3 y =-2.51550.6302) + 14.82x 10386110 * flow.a + 2.93x1(T 05826 00IX)2

657109 flow.b - 4.01441.601~) * spill ratio
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Figure 11 :Normalized residual plots for CWT observed adult counts, adjusted for transportation
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3.3.5 Analysisof VPA Estimates, Not Adjusted for Transportation

The independent variables were tested in the model (5), one factor at atime, followed by
stepwise addition. Results (Tables 21 and 22) indicate that hatchery contribution was significant
in three cases; while spill, turbidity, temperature, spill ratio, and flow were significant in two cases
each. When the Cowlitz Hatchery stock was used as the reference, none of the independent vari-
ables were significant. The best models, from analysis of selected possible models (Table 22) for
each reference stock (except Cowlitz), were: Grays River, temperature and hatchery contribution
(P(F5,4>5.67) = 0.0093); Bonneville, hatchery contribution and spill ratio (P(F,,, > 10.61) =
0.0005); Washougal, temperature and spill ratio (P(£3,; > 3.20) = 0.0432); and Tanner Creek,
hatchery contribution, spill ratio, and turbidity (P(F,; > 15.85) = 2.31x10*). Temperature and
hatchery contribution were the most common variables included, though not always the most sig-
nificant factor. The normalized residuals plot (Figure 12) for the best fitting models show approx-
imately normal distribution of model error in each comparison. The best model using Cowlitz
hatchery as a reference stock had only an intercept, thus the straight vertical linein the residuals
plot. The difference in groupings for each reference hatchery highlight the non-robustness of ref-

erence hatchery selection.

Table 21: Summary R'for single river conditions for each reference hatchery stock, using log -
linear response model (5) using VPA estimates, unadjusted for probability of transportation.
Asterisk indicates factors significant at P < 0.05.

River Condition Bonneville Brights Cowlitz Grays River Tanner Creek Washougal
Flow 0.1994 0. 0507 0.1869 0.3i31* 0.2278
Hatchery Contribution 0.4277" 0,0365 0.2198* 0.4016' 0.0237
spill 0.2370* 0.0811 0.1850 0.4277* 0.1387
Spill Ratio 0.1677 * 0.0569 0.1682 0.3852" 0.1293
Temperature (C) 0.0714 0.0202 0.358.5" 0.0157 0.2738*
Turbidity 0.4256 * 0.0733 0.1:70 0.3655" 0.1581

* indicatessignificance atp <0.05
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Table 22: Summary table for the best models for each reference stock using log-linear response
model (5) based on VPA estimates, unadjusted for the probability of transportation. Standard
errors of the coefficient estimation are in parentheses.

Reference No. of . s
Hatchery Variables Best Fitted Model R P
Bonneville Brights 1 v = 4.2971(1.Ww - 1.25 x10"®(238x10"% * hatchery 04277 0.0002
contribution
Cowlitz 0 v = 0,7573(0.1369) 00000 9.48x10-W
Grays River 2 v = 35152(1.3263) - 0.06960.0810)* tempt.a - 0.3585 0.0358
11.6397w.1343 * tempt.b
3 ¥ = 6.0523 (1.5548) - 0.05810.0705) * tempc.a 0.5487 0.0093

11.2638s928 * tempt.b - 7.13 x10 003100 *
hatchery contribution

Tanner Creek 1 y=5.5777 aassn - 11.35x10 %7209 * hatchery ~ 04016 0.0003
contribution

2 y = 3.9652(1.0698) - 9.29x1071° 221x10"% *hatchery 06398  2.86x10%
contribution + 4.2377( 10423*spill ratio

y = 1.4096(1.9381) - 5.3 1x10'1°(2.44x10"°)*hatchery
4 contribution+ 6.0783( 1621 1y*spill ratio + 07338 2.31x 10%
0.0587 03759 * turbidity.a +
37.2807q16.1833*turbidity.b

Washougal 2 y = 3.01400s8743) -0. 150300512*tempc.a - 0.2738 0.0253
3.47073.4022*tempc.b
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Figure 12: Normalized residua plots for VPA estimates of survival to age 2, not adjusted
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3.3.6 Analysis of VPA Estimates, Adjusted for Transportation

In keeping with the previous analyses, each independent variable was tested in model (6)
starting with a single-factor. Results (Tables 23 and 24) indicate that flow and spill ratio were sig-
nificant with three of the reference stocks; while hatchery contribution, spill, turbidity and tem-
perature were significant in two cases each. When the Cowlitz Hatchery stock was used as the
reference, none of the independent variables were significant. The best models, from the anaysis
of selected possible models (Table 24) for each reference stock were: Grays River, temperature
and hatchery contribution (P(F;;, > 5.60) = 0.0098); Bonneville, hatchery contribution (P(F 55>
19.05) = 0.0002); Washougal, flow (P(F,,; > 5.05) = 0.0152); and Tanner Creek, spill ratio,
hatchery contribution and turbidity (P(F, »; > 17.48) = 1.03x10°%). Hatchery contribution isthe
most common variable included, though not always the most significant factor. The normalized
residuals plot (Figure 13) for the best fitting models show approximately normal distribution of
model error in each comparison, The difference in groupings for each reference hatchery high-

light the non-robustness of reference hatchery selection.

Table 23: Summary of R*for single river conditions for each reference hatchery stock, using log-
linear response model (6) based on VPA estimates, adjusted for probability of transportation.

Bonneville Grays Tanner

River Condition Brights Cowlitz River Creek Washougal
Flow 0. 0555* 0.1081 0.2438 0.3786* 0. 3052"
Hatchery Contribution 0.4325" 0.0497 0.2072 0.3927= 0.0157
spill 02791 0.1542 0.2456 0.-$6s" 0.2119
Spill Ratio 0.0053 0.1216 0.2302* 04253+ 0.2036*
Temperature (C) 0.0592 0.0279 0.3680 0.01285 0.2858+
Turbidity 0.4652" 0.1111 02091 03692+ 0.1983

“ indicates significance at p <0.05
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Table 24: Summary table for best models for each reference stock using log (VPA ratios)
adjusted for the probability of transportation as the response variable y = log (Priest Rapids VPA/
reference stock VPA). Standard errors of the coefficient estimation are in parenthesis.

Reference No. of

Hatchery Variables Best Fitted Model R? P
Bonneville Brights 1y =40313(1.3782) - 1.29x 10%% 95109 * hatchery contribution 0425 0.0002
Cowlitz 0 y= 0.31500.1423) 0 0.0362
Grays River 2 ¥ =3.3530.3672 - 0.0865 (0.0s35) * tempt.a - 12.0867w.2617) * 0.3689 0.0317

tempt.b
3 ¥ = 5.8938a.6215 - 0.075 (room3s) * tempe.a - 11.7102(3.7472) * 0.5455 00098
tempt.b -7. 14x10"*(3.06x 10-11J) * hatchery contribution
Tinner Creek 1 v =-0.932403166 + 5.7039(130031 * spill ratio 04253 0.0002
2 v =3.4641 0672 + 4.6919( 1.039s) * spill ratio - 9.33 x10 0 20a0  0.6653  1.14x10%°
* hatchery contribution
4 y=0.89341.9343)+ 6545616179 * spill ratio 07018  1.03x10%
- 5.37x 10- 44101 * hatchery contribution
+0.0649(0.3751)* turbidity.a + 37305961516 * turbidity.b
Washougal 2 vy =-0.9249(0.4483) - 5.41 11001 51010% * flow.a 0.3052 00152

- 13.46x10°% 5 63x10%) * flow.b

Figure 13: Normalized residua plots for VPA estimates of survival to age 2, adjusted for transpor-
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4. DISCUSSION

All of the river covariates used in this study were significant in some portion of the analy-
sis. The variable that was most often significant across models (3-6) was temperature, followed by
hatchery contribution, then spill ratio, turbidity and flow, in descending order. For the Hilborne
a.(1993) type models (I-2), hatchery contribution accounted for most of the variability followed

by turbidity, then flow. It is interesting to note that hatchery contribution was consistently imp or-
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tant in most of the models. Some of the differences between models (1-2) and (3-6) maybe due to
the way in which the river variables were characterized. In the models (3-6), slope and intercepts
for flow, temperature, and turbidity were treated as independent variables; while in the Hilborn et
al. (1993) models (I-2), averages were used.

Best-fit response models did not change between analyses that adjusted and did not adjust
for the probability of transportation at McNary Dam (Table 25) for most of the different reference
hatchery stocks. This was not surprising, since the adjustment for transportation was nearly con-
stant over the time period of this study. However, the best fit response model did change, whether
CWT data were converted to VPA survival estimates or not. The Hilborn et a. (1993) models (I-
2) aso yielded different best-fit models than models (3-6). Furthermore, the resultant response
model was quite sensitive to which reference stock was matched with the upstream Priest Rapids
stock. No two reference stocks yielded the same choice of best explanatory variables. The purpose
of repeating the analysis with each of the reference hatcheries was to determine robustness.
Unfortunately, this was not the case, re-enforcing the fact that the lack of homogeneity in marine
recoveries found between the Priest Rapids and the reference hatcheries would influence any anal-
ysis comparing survivals. These retrospective and correlative analyses can yield widely varying
results dependent solely on choice of statistical analysis and reference hatchery. The wide ranging
results depending on choice of reference stock invalidates the findings of the individual regression
analyses. There is no basis to conclude the results from any one reference stock are any more reli-

able than another.

Page 50



Table 25: The significant river covariates that enter into the “best” model for each type of response
model and reference stock.

Hilborn etal. ( 1993) Models

Reference Stocks

o
(unadfusted) VPA Ratio (adjusted)

hatchery contribution
+ spill

hatchery contribution
+ flow

Skalski/Townsend Response Mode!}

Model (3) Model ($) Model (5) Model (6)
Reference Stocks Observed Count Ratio Observed CountRatio VPA Ratio VPA Ratio
(unadjusted)’ (adjusted) ® (unadjusted)’ (adjusted)’

Grays River temperature temperature + hatchery  temperature + hatchery  temperature + hatchery

Bonneville Brights
Cowlitz
Washougal

Tanner Creek

contribution contribution

turbidity + temperawre  turbidity +temperaure  hatchery contribution

none turbidity none

flow + spill ratio flow + spill ratio temperature

hatchery contribution
+ spill ratio + turbidity

spill ratio +wrbidity +
temperature

spill ratio + turbidity +
temperature

contribution

hatcherv contribution
none

flow

spill ratio + hatchery
contribution + turbidity

=

Priest Rapids adult survivals not adjusted for the probability of transportation
Priest Rapids adult survivals adjusted for the probability of transportation.

Despite initial hopes, the regression analyses conducted in the study indicated that the

model results were highly dependent on the choice of reference stock. Rather than find the regres-

sion results robust to the choice of reference stock, the number and array of independent variables

entering the regression models varied widely. Using Cowlitz Hatchery as the reference stock,

none of the independent variables were found to be significantly correlated with estimated smelt

survival. With the other reference stocks, the selection of individual variables also differed

between stepwise regression models. With the other reference stocks, one to four independent

variables entered the stepwise regression models. No convincing reoccurrence of independent

variables suggested one or more key factors were predominantly related to smelt survival.

This analysis, rather than identifying potential key environmental factors influencing
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smelt survival and establishing working hypotheses on possible mechanisms for further testing,
found posthoc studies using upstream-downstream pairing an unsuccessful avenue of investiga-
tion. This study had the choice of thirty-three reference stocks. Even with this large number of
choices, the five best matched reference stocks had highly significant differences (P « 0.001) in
ocean distribution compared to Priest Rapids, and yielded widely different conclusions. The con-
clusions from any one reference stock could have been badly misconstrued if sensitivity studies
had not been conducted. The choice of reference stock is so influential on the regression results
and so highly variable as to render the analyses unreliable. Consequently, our findings are not

encouraging for other investigators planning similar correlative investigations.

Finding two stocks that show similar ocean distributions but differ in-river rearing envi-
ronment appears a limitation of this paired-stock approach. The assumption of ocean mixing is
needed because CWT data do not readily lend themselves to analyses that can separate out sur-
vival effects from harvest effort. Return rates on CWT releases are a composite of survival, har-
vest, and sampling effort. Without precise information on fishing effort to adjust the catch, the
CWT data confounds changes in survival with differentia fishing vulnerability. Hence, as long as
ocean distributions differ, the potential exists for differential harvest confounding perceived
changes in CWT return rates. The widely differing results we obtained with the reference stocks
that had different ocean distributions suggest this is a problem.

The analysis suggests severa possible directions for further research. This study used a
correlative observational study to identify important smelt surviva relationships. The many con-
founding and overlapping environmental factors inherently limit the success of this approach.
Instead, an experimental approach to test working hypotheses concerning smelt survival would be
preferable.

The proposed experiment could possibly involve rearing up-river brights in both upstream
and downstream hatcheries ssmultaneously and/or doing the reverse with a tule stock. An obvious
candidate stock is the Bonneville brights. They are reared at Bonneville Darn and are probably
composed of many different upstream stocks. The Bonneville bright stock is sufficient y success-

ful to occur in fairly large numbers; and given their possible origins and their current rearing loca-
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tion in a lower river hatchery, they would probably do well in both up-river and downriver
settings. The next issue would be how to control the river variables. To be done successfully, the
interaction of the river variables would need to be controlled in a way that would allow them to be

sorted out.

The Columbia Basin fisheries community would need to have the conviction to replicate
and manipulate river conditions over many years and wait even more years for adult fish to return.
To resolve some of the difficulties in interpreting CWT returns, auxiliary information on fishing
effort and fleet distributions would have to be collected over the years of the study. Onboard Glo-
bal Positioning System (GPS) and PIT-tag scanning should be investigated to improve the quality
of harvest data. These and other steps may be needed to unravel in-river survival relationships
based on adult return information. This retrospective analysis of historical CWT data suggests
existing databases and correlative investigations may shed little light on in-river survival relation-
ships.
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Appendix A: Hilborn et al. (1993b) Report

Initial peer-reviewed manuscript entitled, “ The relationship between river flow and survival for
Columbia River chinook salmon,” authored by R. Hilborn, R. Donnelly, M. Pascual, and C. Coro-

nado-Hernandez (1993 b).
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Abstract

We explored the relationship between Columbia River flow, and survival from
hatchery release to recovery of adults in catch and escapement for Columbia River
chinook salmon. The only hatchery that was above the lower river darns and had a long
time series of coded wire tag (CWT) release groups was the fall chinook stock at Priest
Rapids hatchery. The survival as estimated by virtual population analysis (VPA) does
show an increase with increasing flow. However, it is clear that major changes in survival
at Priest Rapids hatchery were also seen in lower river hatcheries, and are presumably due
to changes in general ocean condition. To correct for these ocean changes, we used lower
river hatcheries as controls on ocean condition. The relationship between flow and
survival when corrected for ocean condition shows a stronger correlation, which is highly
significant. The dope indicates that an increase in flow of 100,000 cfs at McNary darn
would result in 65% increase in survival of Priest Rapids hatchery fish.

We explored the sensitivity of these results to the choice of statistical models, and
the inclusion of experimental CWT groups. All sensitivity tests we conducted indicated a
s-mi.fleant relationship between flow and survival. The study does have a number of
weaknesses, including the fact that only the priest Rapids hatchery stock was available to
test the relationship between flow and survival, and this stock passed only through the
four lower river dams. No Snake River or upper Columbia hatchery stocks were available
for testing. Further, there are a number of weaknesses in the use of the CWT data base,
which include problems in recreational catch sampling, inter-dam loss of migrating adults,
and escapement sampling methods.
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Introduction

Columbia River salmon have been fished for perhaps thousands of years. With the
arrival of western European settlers the magnitude of the exploitation increased
dramatically. At its peak, the Columbia River salmon stocks produced catches of over 6
million fish from 5 species (Chapman 1986). The peak catches for each species occurred
at different times over a period of about 30 years centered around 1900. Chapman (1986)
estimated that total return to the Columbia River, catch and escapement, was in the
neighborhood of 7.5 million fish. The five species of saimonids native to the Columbia
River are chinook salmon (Oncorhynchus tshawytscha), chum salmon (O. keta), sockeye
salmon (O. nerka), coho salmon (O. kisutch), and steelhead trout (0. masu). Chinook
salmon are recognized as having two distinct life histories, ocean and stream. When
discussing Columbia River chinook, fisheries managers commonly refer to three races
based on time of the return migration: spring, summer, and fall. Spring chinook have a
stream-type life history, fall chinook have an ocean-type history, and the summer stocks
are a mixture of the two. After emergence, stream-type juveniles spend one year in fresh
water, generally in a tributary stream, before migrating to sea, and are known as
“yearlings’. Ocean-type juveniles, termed “sub-yearlings’, out migrate at the end of the

first summer.

Beginning about the turn of the century, catches began to show adownward trend
although the annual fluctuations continued. The adults that migrate into the river during
the summer have suffered the most (Thompson 195 1), declining to very low numbers.
recovering dightly in 1959 and then declining again (Chapman 1986). Most authorities
(e.g. Laytheetal. 1948, NWPPC. 1986) have attributed the decline in chinook runs to a
wide variety of causes including deforestation, farming, mining, pollution, over-fishing,
unscreened water diversions and construction of dams - the last considered to be the
major contributor. To overcome these problems, Laythe (1948) suggested a mitigation
program in the lower river which included screening, water diversions, and habitat
protection, as well as the construction of fish hatcheries. The hatcheries and lower-river
efforts were never fully implemented and by the mid- 1970's the runs of chinook salmon
to the mid-Columbia were at extremely low levels. The use of hatcheries to increase the
runs had proved relatively unsuccessful.

Studies were initiated on the surviving chinook salmon stocks in the mid-Columbia
River from Bonneville Dam to Grand Coolee Dam. Raymond (1969, 1979, 1988) studied
the effect the dams were having on travel time of the out migrant smelts. Two major
findings from his work were (i) wild stocks had better survival compared to hatchery
stocks, and (ii) impoundment of water behind the dams slowed out migration and were
thought to reduce survival. The direct effect of river discharge on downsweam movement
of salmon fry has been studied by a number of investigators (Irvine 1986; Giorgi et al.
1990: Raymond 1968; Park 1969; Stevenson and Olsen 1991) with varying results. Giorgi
et al. (1990) investigated the relation of flow to travel time of sub-yearling chinook salmon
and were unable to conclude that changes in flow were related to changes in travel time;
however they did note that fish moving out in the early part of the summer had higher
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survival to adulthood compared with those that out migrated later. Raymond (1969)
found that the John Day Reservoir increased the travel time of out migrant smelts-from 14
days to 22 days for that stretch of river. Stevenson and Olsen (199 1), experimenting with
different flow regimes in John Day Reservoir, were unable to demonstrate a solid
relationship between flow and travel time. Park (1969) concluded that, with the advent of
dams, the peak flows were reduced, turbidity was decreased, predation and disease
increased, and that “an almost continuously impounded river, with resultant trends toward
wan-ring water and increased numbers of predators, and other complex changes in the
environment, could eventualy jeopardize the existence of the chinook salmon in the [mid]

Columbia River.”

There is little question that the downriver movement of the juvenile salmon has
been slowed by the construction of dams (Raymond 1979; Ebel and Raymond 1976). For
each darn constructed above Ice Harbor dam on the Snake River, the travel time was
increased by about 50% or more (Ebel and Raymond 1976), or an average delay of 8 days
per reservoir. Raymond found that migration rates for juveniles were on the order of 40
to 55 km/day for both free flowing and impounded stretches at moderate river flows
(ag)out 8,500 m3/sec.), and in the range of 24 to 27 km/day at low flows (about 4250
md/sec.).

While the hypothesis that flow and travel time are inversely related is viewed as a
basis for present river management, the situation is not as clear as might be hoped -
apparently confused by confounding variables. For example, travel time is related to the
condition of the juveniles at time of migration. Their physiological condition is related to
water temperature which in turn is related to the time of year (Giorgi et al. 1988). The
later in the year, the faster the juveniles appear to migrate (Chapman et al. 1991).

In an effort to shed light on a complex situation and to prevent continuing erosion
of Columbia River saimon runs, Congress passed the Pacific Northwest Electric Power
Planning and Conservation Act in 1980 which authorized the states of Idaho, Montana,
Oregon and Washington to create a entity to plan for two important resources in the
Columbia River basin: electricity, and fish and wildlife. The entity created was the Pacific
Northwest Electric Power and Conservation Planning Council, best known as the
Northwest Power Planning Council. To emphasize the importance of fish and wildlife,
Congress mandated that the Council develop the Columbia River Basin Fish and Wildlife

Program before developing a power plan.

The Council has established the doubling of the salmonid runs of the Columbia
River as a primary goal of its Fish and Wildlife Program. Achievement of this objective
could result from: (i) an increase in the production of hatchery salmon, (ii) increases in
the production of natural spawning salmon, and (iii) increase in the downstream survival
of juveniles. All three factors are likely to be involved in a truly successful stock
rebuilding effort. Many management actions have been taken in an attempt to increase
downstream survival, including: (i) fish bypass facilities: screens that divert juvenile
salmon from the turbines, passing them through the dam in a separate water system, (ii)
transportation: juvenile salmon collected at the fish bypass facilities and transported via
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barge below Bonneville Dam where they are released; (iii) increased flow during periods
of smelt migration: augmenting the spill of water over the dam bypassing the turbines; (iv)
predator control: reducing the population of northern squawfish (Ptychocheilus
oregonensis) in the reservoirs. Each of these actions is directed toward increasing the
survival of fish from the time of release until they enter the lower river below Bonneville
Darn. While fish bypass facilities have been evaluated using fin-clipped or freeze-branded
fish, and transportation evaluated using coded-wire-tags, to date no attempts have been
made to evaluate increased flow or predator control efforts.

One of the guiding principles of the Fish and Wildlife Plan is adaptive management
- learning by past actions. Until managers are able to evaluate reliably the effectiveness of
their actions, learning will be slow. Changes in flow and other factors associated with
downstream survivals to some extent can be evaluated by in-river mark recapture
experiments, and such experiments are certainly an essential part of any well-designed
attempt to evaluate water flow. However, this is not practical on a big enough scale to
encompass all hatchery stocks, nor would such an in-river mark recovery program
measure impacts that might occur once the fish leave the river.

Most studies of the relationship between flow and surviva have concentrated on
in-river measurements and comparison, primarily using freeze branding to measure travel
times. Such studies have no way of examining the impact of changes in flow on surviva
after the fish pass through the dam system. A potential source of such data is the coded
wire tag (CWT) data base. Since the early 1970s thousands of groups of hatchery and
wild fish have been tagged on the Columbia, and the commercial and recreational fisheries,
and escapements to hatcheries have been systematically sampled to obtain tag recoveries.
CWT data have been routinely used by the Pacific Salmon Commission (PSC) working
groups to estimate survival of Columbia River stocks.

The purpose of this study is to investigate the potential for using the CWT data
base to examine the relationship between in river factors (especially flow) and survival in
Columbia River chinook salmon.

M ethods and Results

Estimating Survival from Coded-Wire-Tag data

Since the early 1970s approximately 2600 individual groups of chinook salmon
have been marked with CWTs on the Columbia River. These tags have been applied
primarily at hatcheries, although there has been some marking of wild stocks, and some of
fish collected at darns. The motivation for tagging has been quite diverse, but most tags
have been applied to compare experimental hatchery treatments, such as size and time of
release, feeding regimes, or other hatchery practices. The data base on CWT data
denotes three primarily types of tagging, experimental, production and index.
Experimental tag groups are those mentioned previously, where agencies are
experimenting with hatchery practices in some way. Production groups are fish reared
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under normal hatchery conditions and tagging is done in order to determine the
contribution of the bulk of the hatcheries release to fisheries and return to escapement.
Index tag codes are specifically designated for use in evaluation of fishery management

practice.

For the purposes of examining the impact of in-river conditions on survival, the
production and index tag codes are preferable because they have not been subjected to any
experimental treatments. However, many experimental groups appear to have similar
survival to the hatchery production groups, and since far more releases are experimental
than either production or index, we may not want to exclude experimental groups out of

hand.

Since the aim of this project is to examine the relationship between in-river flow
and the subseguent survival, we must have CWT groups released from a range of flow
conditions. Figure 1 shows the average flow at McNary dam in May, from 1976 to 1989.
The amount of variation in flow is not great, but there is a little more than two times
variation from the lowest year, 1977 with a flow of 150,000 cfs, to the highest year 1976
with an average flow of 350,000 cfs.

Figure 1 near hera

The highest flows occur in May and June, with declining flows in July and August
Figure 2 shows the seasonal pattern of flow for 1976 to 1988. There is a high correlation
in flows between months (Table 1), generally 0.8 or higher.

Figure 2 near here
Table 1 near hera

We searched over all available CWT codes for hatcheries that met two conditions,
(1) the hatchery must be upstream of McNary dam so that the juveniles had to pass
through the four lower river dams at a minimum, and (2) there must have been non-
experimental tagging over a number of years with contrast in flow.

Unfortunately, only Priest Rapids hatchery met these conditions. None of the
Snake River hatcheries had consistent enough tagging to provide a usable base of data,
and none of the other hatcheries on the mainstem above McNary darn had more than
occasional tagging. Priest Rapids, in comparison, had consistent production or index
tagging from brood year 1975 to the present time. Only three of the tag groups at Priest
Rapids hatchery were experimental. In recent years a number of other hatcheries have
begun systematic tagging of index or production groups, and within 5 or 10 years there
will be a much bigger base of available hatcheries. However, at present, only Priest
Rapids hatchery provides enough tag groups over enough years to examine the
relationship between flow and surviva

For any CWT group, we can estimate the survival from release to any arbitrary age
using the method of Virtual Population Analysis (VPA). This method is routinely used for
chinook salmon by the Chinook Technica Committee (CTC) of the Pacific Salmon
Commission (PSC), and the method is described in Hilborn and Walters (1992). Because
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chinook salmon mature at a variety of ages, the most common convention is to calculate
survival to age 2 (S) using the following equation:

a=6
N =S %

a=l pu (1)
s

T

where N2 is the number of individuals surviving to age 2, R is the number of tags
in the catch and escapement at age a, Pais the probability of surviving from age 2 to age
a, and T isthetotal number of tagged fish released. This equation assumes that the P's
are known, and that there is no loss of fish except to capture and escapement, and that all
fish spawn by age 6. The estimates of S naturally are senditive to the assumed probability
of survival from age 2 onward, but if we consider S to be an index of survival, then the
choice of P's makes little difference in the relative survival. We used the same P's as the
CTC which are 1,.6,.42,0.336 and 0.3024 for ages 2,3,4,5 and 6 respectively.

The two factors not included in the method described above are incidental fishing
mortality and inter-darn loss during up-river migration. The CTC has developed a variety
of methods to deal with incidental fishing mortality which rely on a number of
assumptions. We have chosen to ignore incidental fishing mortality primarily because we
will be comparing survival of different code groups subjected to the same fisheries, and
changes in incidental fishing mortality will affect all groups equaly.

Appropriate statistics and results

Figure 3 shows the relationship between the flow at McNary dam during the
month a CWT group was released, and the estimated survival for that CWT group using
the VPA equation given above. The solid line is the best linear regression fit. The
estimated intercept is 0.02 so it appears the line passes through the origin. We see a
general trend towards higher survival with increasing flow, but there is considerable
scatter about the graph, with the data points for 1977, 1984 and 1985 all lying well above
the best fit line, and most other points lying below.

Figure 3 Near here

We could calculate the statistical significance of the regression shown in Figure 3,
and use this to test the hypothesis that there is a significant relationship between flow at
McNary darn and the survival of the fish released from Priest Rapids hatchery. There are
three major problems with such an approach. Fret, hypothesis testing is inappropriate for
decision-making, while the major interest in the relationship between flow and survival is
due to the need to make decisions about the management of the hydroelectric system.
Second, it is statistically inappropriate to use survival rates as the y variable in a linear
regression. This ignores both the potential for differential reliability of different survival
rates, and the fact that survival rates cannot have values less than zero. Third, many of the
changes seen in survival at Priest Rapids hatchery have been seen at other chinook
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hatcheries on the Columbia River which are below the darn system. Therefore some of the
changes seen in survival could result from changes in ocean rather than in-river conditions.
In trying to determine in-river survival changes, we first must attempt to correct for ocean
changes. We will deal with each of these problems in turn.

The traditional mode of statistical analysis in fisheries biology is hypothesis testing
which typicaly considers two hypotheses, the null hypothesis, that there is no relationship
between flow and survival, and the working hypothesis, that there is a relationship. first
one chooses an a level, the probability of rgecting the null hypothesis if it is true, and then
determine p, the probability that the data could have been obtained if the null hypothesis is
true. If pislessthan & the null hypothesisis rejected and one concludes that flow affects

survival.

Such an approach has little if any utility, particularly in the context of natural
resource management (Hilborn and Ludwig, 1993). First, one must determine a, a totally
arbitrary decision. Secondly, if we fail to rgject the null hypothesis, do we act as if there is
no relationship between flow and survival? If we do reject the null hypothesis, how much
flow do we alow?

The appropriate statistics for analysis of decisions is statistical decision theory
(Raiffa 1968). One examines the consequences of alternative actions for different possible
states of nature (relationships between flow and survival). Statistical decision theory
considers a wide variety of aternative states of nature and their probabilities. The
appropriate product for use in statistical decision theory is the probability distribution of
different relationships between flow and survival. Rather than considering only a null
hypothesis and a working hypothesis, rejecting one and accepting the other, we want to
determine how likely alternative states of nature are. Berger (1985) provides areference
on statistical decision theory, and Hilbomn et al. (1993) provide a discussion and example
of how these methods can be used in fisheries management.

As a simple example, consider that the only parameter of interest is the slope of the
flow-survival relationship. We want to estimate the probability of different slopes. The
appropriate model (ignoring the considerations regarding using survival asthe y variable
mentioned above) is

-~

5, =S+a(F,-F)+e, 2)

where sg is the predicted survival rate for code group g, a is the siope between
flow and survival, 5 is the average survival for the data set, Fg is the flow affecting code
group g, F isthe average flow, and e,is a normally distributed random error. The
likelihood of the data for any value of ais the normal likelihood

1 -5, '
L(Sla)=H0 mexp(“*w’:) ) (3
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If we consider a set of discrete hypotheses about the slope, and assume that we
know @, then the Bayes posterior distribution for any given level of ais

L(Sia,)Pr(a;) @)
> L(Sla;)Pr(a;)

Pr(alS) =

where Pr(a; | §) is the posterior probability distribution for aand Pr(ag, ) isthe prior
probability we assign to aternative a values. If we consider n discrete hypotheses about a,
and assign them equal probability 1/n, we can compute the Bayes posterior probability

from the data shown in Figure 4.
Figure 4 NeAr here

We cart see from Figure 4 that it is most likely that higher flows have been
associated with higher survival. A traditional statistical analysis would reject the
hypothesis that there is no flow-survival relationship at an a of 0.05, but fail to reject the
hypothesis at a=0.01. The probability distribution shown could be used by decision
makers to weigh the consequences of aternative flow regimes. This example ignored two
major considerations mentioned above, the statistical properties of survival estimates, and
the trends in ocean survival seen in other hatchery stocks on the Columbia River.

Appropriate statistical model

Survival rates for the CWT groups are not directly observed, but are computed
using equation 1. What is actually observed is the number of tags recovered from catch
and escapement sampling, the number of marked fish released, and the proporticn of catch
or escapement that is actually sampled. The two most common methods of dealing with
survival data are to use either arcsine or logit transforms. However, with the advent of
modem desktop computer hardware and software, many explicit statistical models can be
applied to survival data. Lebreton et al. (1992) review general procedures for mark-
recapture analysis, while Green and MacDonald (1987), and Cormack and Skalski (1992),
Schnute (1992), and Pascual (1993), specifically discuss CWT data. All of these methods
model the number of observed recoveries as a multinomina or poisson process. The basic
likelihood of the observed recoveries, given the predicted under the poisson probability is

0]
L(OIE) = 50' (5)

eE
where O is the number of observed recoveries and E is the number of expected

recoveries under the hypothesis. The expected recoveries can be written as:

E= Ts—l- (6)
f

where T is the number of tags released, s is the survival, and f is the proportion of
catch or escapement that is sampled for tags.
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The methods described in Green and McDonald (1987), Cormack and Skalski
(1992) and Pascual all consider alarge number of space/time stratafor recovery of tags.
We will employ this method in a later section, but first we will use the basic approach to
consider the overall surviva rate in aredlistic statistical context.

In the VPA we used the number of estimated recoveries by age (R.), and inflated
these by the estimates of survival to arrive at an estimate of the number alive at age 2. We
could consider the number alive at age 2 (N2) of equation 1 as the “observed” recoveries
and treat them as poisson distributed random variables. In reality, only afraction of the
catch or escapement is sampled — commercial fisheries are usually sampled at about 20%,
while escapement may be sampled at a higher rate. In our first analysis, we have assumed
that the actual “observed” recoveries is 20% of N7 -- that is:

0= fN,

E=Ts+ 7)
f

f=0.2

We then can calculate survival as a function of flow, use the survival term in
equation 7 to obtain predicted recoveries, then use equation 5 to calculate the likelihood
analogous to equation 3. In the next section we will write the entire likelihood.

The multinomial and poisson probabilities are the most frequently used for mark-
recapture analysis and are usually justified based on sampling theory. However, when
there are sources of error other than sampling, the variance in the data is often is much
higher than predicted from multinomial or poisson distributions. Thisis almost always the
casein CWT data, where variability in number recovered often comes more from sampling
than from variation in survival rates (Pascual 1993). Statistical tests of hypotheses thus
are performed using the scaled poisson distribution which allows for over-dispersion. Use
of the scaled poisson is discussed later.

An aternative to the scaled poisson distribution is to treat the observed recoveries
as lognormal variables. The lognormal isa robust statistical model that is frequently used,
however, it does not perform well when individual observations are few and cannot be
used at al when there are zeros in the data. In the case of our data there are no zeros, so
we can use the lognormal model as an alternative to the poisson model. The lognormal

likelihood is:

1 (In(0) - In(E))’

L(OIE) = oy exp( Py ) (8)
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Correcting for trendsin ocean survival

Figure 5 shows the trends in survival estimated from VPA for a number of
Columbia River chinook hatcheries. These data include all CWT groups, including
experimental groups. Priest Rapids, Cowlitz and Washougal al show unusually good
survival among fish released in 1985 and 1985 and poorer survival among fish released in
1986 and 1987. The Grays hatchery does not show this trend, and Bonneville has so
much variability that it isdifficult to see any pattern, athough 1984 and 1985 do have

some especialy good survivals.
Figure 5 near here

In order to separate the affect of flow on survival, we need to control for changes
in ocean conditions. This can be done by using CWT groups released below the dam
system. This assumes, of course, that the impact of flow on survival takes place within the
dam/pool system and not in the estuary or early ocean Life history. The model we will use
can be written as follows:

§, =GXH,xY,x M, x(1+a(F,—F))if Priest Rapids hatchery
§,=GXH xY xM X1 if control hatchery

©)

where G is an overall grand mean survival, H,isa hatchery effect, Y jisayear of release
effect, M is amonth of release effect, a is the slope of the fl_ow-survival relationship, Fg
is the flow during the month CWT group g is released, and F is the average flow.

Choice of best matching hatcheries

Before we can begin with a formal analysis of in-river factors and survival we must
obtain suitable control stocks from the lower Columbia River to control for ocean effects.
Thus a key objective of this portion of the study was to determine the ocean catch
distributions of individual stocks of chinook salmon from the Columbia River. To our
knowledge, a complete study of the ocean catch disaribution of Columbia River chinook
salmon has not been undertaken. Healey (1983, 1991) was able to demonstrate that two
different races of chinook salmon (stream and ocean type) exist along the Northeastern
Pacific coast and each race had somewhat different oceanic distributions. Snake River fall
chinook (ocean type) were shown to have an oceanic catch distribution that was primarily
off the British Columbia, Washington, and Oregon coasts, while spring chinook (stream
type) have a more northerly catch distribution (Waples et al. 1991). Catch data are used
by investigators to infer ocean distribution. The obvious problem with this is that the
fishery is limited in both space and time. Generaly the fishery is conducted during the
summer and early fall months and is limited to the waters within about 200 miles of the
shore. Columbia River chinook salmon are captured from Northern California to Alaska in
both the commercial and spon fisheries. Tagging experiments (Healey 1991) have shown
that chinook salmon appear to move about the North Pacific Ocean in a pattern that takes
them north in the summer and south in the winter. Fall chinook in particular appear to be
located within 1000 km of the North American coast. However, individua stocks may
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show different migration patterns. Managers also know that individua stocks have a
propensity to be caught in different regions of the Northeast Pacific Ocean.

Coded Wire Tag (CWT) data were used for thistask. CWTs are stainless steel
binary-coded tags imbedded in the nose cartilage of juvenile salmon at hatcheries. Fish
from the same group share the same code, therefore the tag identifies each fish with a
specific treatment group from aspecific hatchery. The presence of the CWT tagis
indicated by the removal of the adipose fin on all anadromous salmonids except hatchery
steethead which have the adipose fin removed whether they have a CWT or not. Some
natural spawning juvenile salmonids have been caught and tagged with CWTSs, but the
temporal and spatial coverage is not extensive. Commercial and recreational catches of
salmonids are sampled for the presence of CWTs by fisheries management agencies who
attempt to sample 20 percent of the catch. When adult fish return to the hatchery, they
arealso examined for the presence of tags. Therefore, the CWT data base consists of the
number of juvenile salmonids tagged and released, the recoveries of tagged fish in
commercial/recreational fisheries, and the number of tagged fish in the escapement. We
gathered al the chinook salmon CWT releases of both the Columbia River hatcheries and
of the wild stocks along with the corresponding ocean recovery data. The recoveries
were expanded by the sampling fraction, and these expanded numbers were used for
anaysis. Review of the available data indicated that catches in small geographic areas
vere |inited and therefore considered unreliable.

The expanded recoveries were grouped by State or Province, and by year of
recovery. For each stock and year of release, a matrix of age at recovery and area of
recovery (State or Province) was generated, and comparisons were made using a cluster
program (SPSS/PC) that generated a distance matrix. Since we wanted to compare ocean
catch distributions between stocks, we compared distributions across all years. The
resulting matrix showed calculated distances (affinities) between stock distributions, the

smaller the number the closer the affinity.

We wanted to find hatcheries that met three criteria (1) they were below
Bonneville Dam, so that the fish were not passing through darns, (2) there were as many
years as possible of CWT data, and (3) the stock showed as similar as possible ocean
distribution to the Priest Rapids stock. Given these requirements, the four other
hatcheries we chose, based on the criteria are Bonneville hatchery, Cowlitz hatchery,
Grays hatchery, and the Washougal hatchery (table 2); spring creek is aso included as an
example of a hatchery with an ocean distribution quite different from Priest Rapids. As
seen earlier in Figure 5, Cowlitz and Washougal hatchery stocks showed similar patterns
in ocean surviva to the Priest Rapids stock. The Bonneville and Grays River survival
patterns were more variable but showed some similarity to the Priest Rapids trends. The
ocean spatial distributions are shown in Figure 6. In general, priest Rapids, Bonneville,
Cowlitz, Grays River and Washougal all showed a preponderance of tag recoveries from
British Columbia with smaller proportions from Alaska and Washington. Recoveries in
Oregon and California were limited indeed. By way of contrast, Spring Creek (with a
much higher affinity) tag recoveries occurred in aimost equal proportions from British
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Columbia and Washington, followed by Oregon, with Alaska and California showing very
small recoveries.

Table 2 near here.

Figure 6 near here.

General issuesin choice of tag groups

Having chosen Bonneville, Cowlitz, Grays and Washougal as control hatcheries,
we need to select which CWT groups from these hatcheries to use. We used three
primary criteriafor selection; first we rejected any codes that were not released in the first
summer after hatching, second we rejected any codes not released during the months of
May, June, July or August, and third we initiadly rejected any experimenta release groups.
Figure 7 shows the trends in survival among the code groups selected. Cowlitz is the only
hatchery that has a tagging history comparable to Priest Rapids, Bonneville and
Washougal have amost no releases between 1983 and 1986, and Grays shows no trend
(and quite low survival).

Figure 7 near here

Testing alter native models

We fit a series of increasingly complex models, starting first with only a grand
mean, then alowing for year effect, hatchery effect, month effect, and a flow effect. When
using poisson models, the test of hypothesis is performed by analysis of deviance
(McCollough and Nelder 1989), which is analogous to analysis of variance. The deviance
for any model fit is defined as

D,, = 2[2(O\E) -2(010)] (lo)

where DM is the defiance of model M, 2(O1E) is the negative log likelihood of the
data given the model (equation x), and 2(0O1 O) is the negative log likelihood of the data
given the data, computed by substituting the observed values for the expected values in
equation 5. The results of thisanalysis of deviance are presented in Table 3. Aswe add
factors to the model, we determine how much the deviance is reduced ( A deviance). The
residual deviance is the deviance of the “full model” (model 1) which is the most complex
. model we consider. The deviance of model 1, divided by the degrees of freedom of model
1 is the scale factor. If the error is truly poisson distributed the scale factor would be 1.
Clearly there is much more unexplained variation in the data than expected under the
poisson. The change in deviance from one mode! to the next divided by the scale factor is
the delta scaled deviance. The delta scaled deviance is x2 distributed with the number of
degrees of freedom that are different between the two models being compared. For
instance, the change in deviance between model 1 and model 2 is 170.41. Divided by the
scale factor we obtain a delta scaled deviance of 9.47, with 1 degree of freedom. The
probability of %2 with 1 degree of freedom being 9.47 is 0.0018. We can see that all

factors added to the model are highly significant.
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Table 3 near hem

Table 4 shows the parameters estimated by the full model. There are no real
surprises here. Y ear effects are seen in the Cowlitz and Priest Rapids data, all hatcheries
except Grays have better average survivals than Bonneville, and May has the highest
monthly survival. The estimated flow slope (&) is 0.0030. This means that an increase in
flow from 200 kcfs to 300 kcfs would result in a 30 percent increase in survival.

Table 4 near here

A lognormal error model

If the error is poisson, the expected ratio of the residua deviance to the number of
residual degrees of freedom is 1. The value shown in Table 3 is 17.49. Thus thereis
much more variability in the data than expected under the assumptions of the poisson.
While this is commonly found in other analyses of CWT data (Green and MacDonald
1987, Cormack and Skalski 1992, Pascual 1993), in this instance we are dealing with a
heterogeneous set of hatcheries and aggregating the data in several ways over many years,
all of which may contribute to the large amount of unexplained variability.

An aternative approach is to assume that the estimated total recaptures are
lognormally distributed, as in equation 8. We can repeat the analysis using the lognormal
error, except that we now can use the likelihood ratio, to test aternative models.

In fitting nested models, the likelihood ratio test can be used to compare model i to
model | as follows:

R(M;, M) =2(I(datal M ;) —i(data M )) (11)

where R(M;, M) is the likelihood ratio of model i to model j. R is theoretically 12
distributed with number of degrees of freedom lost moving from model | to model i.

We estimated the ¢ by fitting the full model, as follows:

- I x=n 2
&= \/; 2. [in0,)-In(E,)] (12)

Table 5 near here

The value for G is 0.45. The results with the nested model is shown in Table 5.
We can see that the addition of all of the terms is clearly significant, and that the estimated
dope is .0065, considerably higher than obtained with the poisson model. Given that the
poisson distribution underestimates the error, we believe that the lognormal model is
preferred, and the best estimate of the slope of the flow survival relationship is 0.0065.

10:50 AM DRAFT NOT FOR CITATION 8/27/93



HILBORN ET AL. -15

Flow and survival Page 15

The estimated parameters are shown in table 6.

Table 6 near here

We would like to obtain aBayes posterior distribution for the dope, but in theory
this would require integrating across all nuisance parameters, including the year effects,
hatchery effects, and month effects, as well as specifying a prior distribution for these
parameters. However, we can use a shortcut: if we define the prior distributions for all
nuisance parameters as uninformative, tnen When discretized and normalized to add to 1.0,
the likelihood profile for the parameter is the margina Bayes posterior for the parameter
(Berger 1985). Given that we have no strong a priori feelings about nuisance parameters,
we are happy to assume an uninformative prior about them.

To calculate the likelihood profile we simply fix the slope at a value, then
maximize the likelihood by searching over all other parameters. We repeat this calculation
over arange of slopes of interest. We then divide each likelihood by the sum of al the
Likelihoods which normalizes them. Figure 8 shows the approximate marginal Bayes
posterior for the slope of the flow-survival relationship using this method and assuming
the log norma likelihood-

Figure 8
near here

The major purpose of using the hatcheries other than Priest Rapids s to calculate the year
effects and month effects. We have seen that the statistical model finds a good
relationship between flow and survival. We can see this graphically in Figure 9, where we
have computed a “corrected survival” by the following formula:

A
corrected 2 ( 13)

s, =

oYM ,

Thus if the year effect were .5 and the month effect was 1, then the corrected
survival would be twice the observed survival. The absolute value of the survivals in
Figure 9 is arbitrary. The key points to observe is that the relationship between flow and
survival now appears less variable than it did in Figure 3, and the year effects have served
to bring the data closer together. In particular, the year effects for 1977, 1981, 1984, and
1985 were larger than average, bringing these points into the main cluster of data.

Figure O near here

We next repeated the log normal analysis combining all experimental codes with
the brood and index codes to determine how sensitive our results are to choice of codes.
Table 7 shows the results - again a highly significant flow-survival slope.

Table 7 near here

Finally, we used the actual recoveries (not expanded by the sampling fraction) as
the observed value. We then used the lognormal model, estimated the slope. and tested to
see if adding the flow relationship significantly improved the fit. Table 8 shows that the
change in negative log likelihood is 3,86, about twice that required to be significant at the
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.05 level, and the estimated slope is 0.0060, close to that estimated earlier. Thus we
conclude that our results are quite robust with respect to how we treat the recovery data

Table 8 near here

Alternatives to VPA -- commercial ocean recoveries

A potential weakness of VPA is that the in-river catches and escapements are often
difficult to sample. There may be considerable loss of adult fish between passage at
Bonneville dam and recapture in fisheries or escapement. As a control on the freshwater
recoveries of tags, we performed an analysis using only marine recoveries and employing
the basic Generalized Linear Model format adopted by Green and MacDonald (1987), and
Cormack and Skalski (1992). We broke all recoveries down by age of fish, and state or
province. Thus the model is:

Rg.,,u = Tgfy_, exp(G + Hx + Yg + Mg +Lg',.u +A4,,.t HL@,M + HAMJ +a(Fg —f—“)) (14)

where Rg 1 5 is the number of observed tags recovered from group g at location 1
at age a, T, isthe number tagged in group g, fy | is the sampling fraction in the year and
location that age a tags were recovered from group g, G isthe grand mean, H,is the
hatchery affect for the hatchery for tag group g, Yo isthe year effect for the year of
release of tag group g, Mg is the month effect for the month of release of 1A group &

Lg 1,a isthelocation effect for the location of the recoveries from tag group g.La, A isthe
age effect for the tags from g.1.a, HL is hatchery by location interaction, HA is hatchery by
age interaction, aisthe slope of the flow-survival relationship, and & isthe flow at
McNary darn during the month of release, if the group is from Pri pids hatchery, and
the flow is equal to the average flow for (F ) other hatcheries.

Table 9 shows the analysis of deviance. Note that by disaggregating the data into
location and age of recovery, the scale factor is now reduced to 3.78 from 17.41 in the
previous poisson analysis. We again found that the all factors are significant.

Table 9 near here

Table 10 shows the main effects parameters estimated from the model, the
estimated parameter value from the logarithmic model, the standard deviation of the
estimate, and the transformed value which tells us the actual multiplicative effect of the
parameter. The grand mean is standardized as follows: release year 1977, Bonneville
hatchery, May releases, recoveries in Cdlifornia at age 2. Thus we see that the year effects
are quite similar to that estimated previoudly. 1977, 1984 and 1985 stand out as the best
years. The hatchery effects are also similar, except that Washougal hatchery has amuch
higher multiplier -- presumably because a greater portion of the recoveries of Washougal
fish were from marine areas. The month effects again show June weaker than May. The
location of recovery effects are new to this model, and all show that California (the base
case) isvery weak, with B.C. the largest effect, Washington and Alaska roughly half of
B. C., and Oregon a distant fourth.

Table 10 near here
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The dope of the flow-survival relationship is lower, suggesting that a 100 kcfs
increase in flow would result in a 26 percent increase in survival, rather than 65 percent as
suggested in our previous anaysis.
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Discussion

These results show a significant conflation between flow at McNary darn and
survival of Priest Rapids hatchery fish - evidence that higher flows would lead to better
survival of Priest Rapids fish, and by analogy that higher flows in the Columbia and Snake
Rivers would lead to better survival of hatchery and wild stocks throughout the entire
Columbia and Snake river basins. This is an important conclusion in terms of future
management decisions for the entire Columbia Basin.

There are obvioudy many other in-river conditions that could be examined in
relation to survival, including temperature, barge transportation, turbidity etc. Even with
flow aoneit is possible to use many different measures such as tota flow, spill,and the
ratio of spill to water passed through the turbines. Many different averaging methods also
can be used. We chose the simplest which is flow during the month of release, but clearly

the fish are in the river for many weeks after release.

We did not consider it appropriate to do a wide scale comparison of correlations
between other environmental variables. Undoubtedly some of these variables would be
more correlated than the flow we have chosen and others would be less. Any extensive
set of comparisons would suffer from the problem that, if you look at enough variables,
something will show a better fit.

A weakness in this study is the fact that all of these results deal with the flow-
survival relationship for Priest Rapids hatchery only. A high priority should be to compare
the results to other hatcheries as CWT data accumulate. Priest Rapids hatchery is one of
the most successful in the entire Columbia Basin. The impacts of flow on Priest Rapids
fish may be different from those on the upper Columbia or Snake River fish. Since Priest
Rapids fish are sub-yearling migrants, the applicability of these results to the Snake River
spring chinook, yearling migrants, may be limited.

While all of the statistical models we used did show a better survival with higher
flow, the amount of increase in survival expected for a given level of additional flow was
different for the different models. The lognormal error model using total recoveries
suggested that 100 kcfs increase in flow would result In about 60 percent increase in
survival, while the poisson model using only marine recoveries suggested a 20 percent
increase might be expected. We do not feel confident in saying that one of these estimates
is more likely to be correct than another. We believe the evidence is strong that Priest
Rapids fish have survived better when flow has been higher. We are less confident about
the expected increase in survival from increased flow. The analysis using marine
recoveries has the advantage that the data were stratified by age and location of recovery,
and one could argue that this is the preferred mode of analysis. However, in the absence
of any Monte-Carlo smulations to compare the aternative models we have used, we
cannot say with any certainty which of our estimates of the flow-survival slope are more

likely to be correct.
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The major weakness of this study is the non-experimental nature of the data
available. We have simply shown a correlation. Our results are compatible with much of
the biological understanding of the downstream migration process and the suggested
changes in migration due to major impoundments. Nevertheless we have shown a
surprising degree of correlation between flow and survival.

We have used several lower river hatcheries as controls on ocean survival. Our
assumption was that the impact of flow on survival takes place above Bonneville Darn,
and that flow would have no affect on lower river hatcheries. This could be a false
assumption for several reasons. Flow undoubtedly affects estuarine conditions, and this
could, in turn, be important in the survival of lower river hatchery stocks. Flow may be
related to ocean conditions through regional weather patterns. Years of high rainfall and
snowpack may coincide with years that ocean conditions are good (or bad) for Columbia
River salmonids. By choosing lower river hatcheries as controls on survival, we have
made several assumptions that are most difficult to verify.

This study is simply one small piece of evidence in determining the expected
impact of different management actions on the survival of Columbia River salmon. It
needs to be corroborated by further CWT studies, further in-river passage studies, and
more ecological and physiological understanding of these fish.

There are a number of obvious next steps in analysis of CWT data for determining
the flow-survival relationship. At the time this project was initiated the number of CWT
groups available from Snake or upper Columbia hatcheries was small, and the survival at
these hatcheries had been so poor that few recoveries were available. An examination of
all recently available codes and recoveries should be done to see if and when other suitable
time series might be available for comparison to Priest Rapids.

Monte-Carlo studies of different likelihood models, different levels of spatial and
temporal aggregation, and the impact of using fresh-water recoveries should be explored.
It maybe possible to understand the relative merits of different statistical models via such

analysis.

This study has highlighted the importance of changes in ocean surviva that impact
many Columbia River stocks. Any attempts to understand the impact of in-river action on
survival will be confounded by changes in ocean conditions. The poor returns of chinook
salmon in the early 1990's are to a large extent almost certainly due to poor ocean
survival, “whether or not they encounted dams. We would recommend that CWT.data be
used to examine the historical pattern of survival of Columbia River fish, and to determine
the spatial correlation among stocks. Such a study would be of great utility in assessing
the success of mitigative actions up-river, and in evaluating the success of any
rehabilitation programs that may be adopted.
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Appendix
List of tag codes and data for non-experimental release groups.
Tag Code  Hatchery Brood Date of  Number “Estimated” VPA Total  Flow at

Year  Release Released recoveries  Survival expanded McNary
Estimate recoverie at time of

S Release
73328 Bonneville 86 8-May-87 105922 93 009 1852 0
73006 Bonneville 86 8-May-87 52096 139 027 2775 0
73632 Bonneville 86 8-May-87 51478 120 023  23.90 0
73326 Bonneville 84 20-Jun-85 206756 4281 2.07 856.29 0
72408 Bonneville 81  4-Jun-82 96798 163 017 3252 0
72157 Bonneville 79 28-May-80 121071 288 024 5753 0
72342 Bonneville 80 12-May-81 51609 152 0.30 3047 0
72341 Bonneville 80 12-May-81 50805 218 0.43  43.67 0
71842 Bonneville 78 29-May-79 287916 1570 0.55 314.01 0
72329 Bonneville 80 12-May-81 75717 366 048  73.10 0
632154 Cowlitz 79  11-Jul-80 244267 746 031  149.27 0
632159 Cowlitz 79  [1-Jul-80 70474 201 029  40.24 0
632156 Cowlitz 80 28-Jun-81 153216 1819 1.19 363.74 0
634126 Cowlitz 86 19-Jun-87 207003 396 019  79.14 0
632255 Cowlitz 80 28-Jun-81 121271 717 0.59 143.36 0
632032 Cowlitz 81  8-Jul-82 41295 49 0.12 9.86 0
632462 Cowlitz 81  8-Jul-82 199176 972 0.49 194.47 0
633237 Cowlitz 84 19-Jun-85 48382 1159 2.39 231.71 0
633019 Cowlitz 83 21-Jun-84 48946 937 191 187.36 0
633020 Cowlitz 83 21-Jun-84 49036 1150 2.35 229.99 0
633124 Cowliz 83 21-Jun-84 48829 868 178 17359 0
633125 Cowlitz 83 21-Jun-84 49664 933 1.88  186.56 0
633235 Cowlitz 84 19-Jun-85 48634 1173 241 23455 0
633236 Cowlitz 84 19-Jun-85 48246 1137 2.36 227.42 0
634108 Cowlitz 85 26-Jun-86 197500 1056 0.53 211.12 0
633238 Cowlitz 84 19-Jun-85 44126 1414 3.20 282.79 0
632503 Cowlitz 82 23-Jun-83 150236 1004 0.67 200.78 0
631802 Cowlitz 77 19-Jun-78 146001 1011 0.69 202.14 0
633759 Grays 85 28-May-86 49874 254 051  50.72 0
633760 Grays 85 28-May-86 50635 211 042 4229 0
632458 Grays 81  1-Jun-82 27460 11 0.04 2.18 0
632459 Grays 81  1-Jun-82 45361 48 0.11 9.63 0
632263 Grays 80 8-Jun-81 64096 284 044  56.82 0
631646 Grays 78  9-Jun-79 73872 100 014  19.95 0
631833 Grays 78  9-Jun-79 7635 14 0,19 2.85 0
631937 Grays 78  9-Jun-79 68115 94 0.14 1885 0
632043 Grays 79 24-Jun-80 37456 172 046  34.37 0
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632340
631743
631939
131615
632155
632252
631857
631958
632848
632859
632860
631948
632261
632456
634102
634128
633221
633222

51915

51916

51917

51918
631662
631741
632611
632017
631821
632153
632461
632251
634150
631641
631803

Grays

Grays

Grays

Grays

Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Priest Rapids
Washougal
Washougal
Washougal
Washougal
Washougal
Washougal
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80  1-Jun-81 10180
77 26-May-78 143182
78  5-Jun-79 92358
76 16-Aug-77 15197

80 24-Jun-81 194649
81 16-Jun-82 262176

7 8 28-Jun-79 17467
78 28-Jun-79 5316
8 3 13-Jun-84 74170
8 3 13-Jun-84 74392
83 13-Jun-84 74170
79 26-Jun-80 147145
80 18-May-81 42089
81 18-May-82 48700

85 12-Jun-86 203534
86 25-Jun-87 201779
84 11-Jun-85 103665
8411-Jun-85 105224

86 5-May-87 48975
86 5-May-87 49769
86 5-May-87 49331
86 5-May-87 4879

76 27-Jun-77 147338
77 27-Jun-78 152532
82 24-May-83 204141
78 28-Jun-79 82243
78 23-May-79 48130
79 30-Jun-80 314605
81 6-Jul-82 170424
80 6-Jul-81 278774
86 19-Jun-87 207377
76 28-Jun-77 126007
77 27-Jun-78 151399
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77 0.75
70 0.05
145 0.16
101 0.66
2227 114
3269 1.25
47 0.27
12 0.22
3541 4.77
3241 4.36
2640 3.56
1708 1.16
1190 2.83
994 2.04
2055 101
876 0.43
3977 3.84
4361 4.14
435 0.89
510 1.02
405 0.82
520 1.07
2646 1.80
1460 0.96
3708 1.82
129 0.16
725 151
2384 0.76
899 0.53
1318 0.47
441 0.21
3777 3.00
1118 0.74
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15.30
13.92
29.03
20.12
445.32
653.72
9.49
2.35
708.11
648.22
528.04
341.66
238.03
198.76
411.04
175.27
795.44
872.17
87.10
101.91
81.02
104.02
529.12
292.05
741.62
25.74
145.04
476.88
179.76
263.57
88.13

755.30
223.69

OO oo

357
366
175
175
343
343
343
284
235
331
257
148
185
185
225
225
225
225
120
241
302
175
231
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Figures
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Figure 1. The average flow past McNary dam during the month of May.
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Figure 2. The average flow during May, June, July and August for the years 1976 to 1988
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Priest Rapids

0.50 + 87 = 79

0.00 +- + — ; . , .
0 50 100 150 200 250 300 350
Flow at McNary

Figure 3. The relationship between flow at McNary dam during the month fish are
released from the hatchery, and the estimated survival of the CWT group from
VPA. The solid line is the best fit linear regression, not constrained to pass
through the origin.
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Figure 4. Bayes posterior distribution of the slope of the flow survival relationship from
figure 3.
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Figure 5. The estimated survival for five hatcheries for all CWT groups.
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Figure 6. North South distribution of stocks
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Figure 7. The estimated survival for five hatcheries using non-experimental CWT groups.
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Production groups, lognormal model
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Figure 8. The Bayes posterior distribution for the slope of the flow survival relationship
obtained by regression flow on survival.
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Figure 9. Survival corrected by year and month effect plotted against flow at McNary
darn during month of release for CWT groups from Priest Rapids hatchery.
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Table 1. Correlation between monthly average flow at McNary dam. 1976-1988.

Mav June July August
May 1.00
June 0.76 1.00
July 0.82 0.92 1.00

August 0.76 0.70 0.85 1.00

Table 2. Cluster analysis results for ocean distribution analysis with the affinities
measured against the Priest Rapids stock. Calculations are based on the euclid

measure.

Hatchery name Distance measure Years of data Notes

Used in the analysis

Priest Rapids N/A 14

Bonneville 0.0908 14

Cowlitz 0.1426 14

Grays River 0.1463 12

Washougal 0.1136 13

Not used in the analysis

Spring Creek 0.2474 17 Small affinity
Lewis River 0.0974 6 Too few years of data
Rock Creek Net Pens 0.1030 1 Too few years of data
Klickitat 0.1485 8 Above Bonneville
Lower Granite 0.1336 | Too few years of data
Tuttle Rock Net Pens 0.1433 7 Above Bonneville
Irrigon 0.1158 7 Too few years of data
Bonifer Pond 0.1334 1 Too few years of data
Social Security Net 0.0940 1 Too few years of data
Pens

Table 3. Analysis of deviance results for poisson error model.

Model Main Ef fects Deviance Df  Scale Scal ed Factor delascaled del ta pvalue

Nurber Factor Deviance Test ed devi ance df

{ GtY+H+MrF 892. 00 51 17. 49 51.00 F 9.74 ! 0.0018
2 G+Y+H+M 10624152 1749 60.74 M 33.23 3 0.0000
3 G+Y+H 1643.55 55 17.49 9397 H -119.84 4 0.0000
4 G+Y 3739.50 59 17.49 213.81 Y 491.86 10 0.0000
5 G 12342.15 69 17. 49 705. 66
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Table 4. Parameters estimated from full model, poisson error, non-experimental codes.

Hatchery (H) Release Month
Year (Y) (M)
Bonneville 1.00 1977 1.00 May 1.00
Cowlitz 1.78 1978 0.28 June 0.58
Crays 0.57 1979 0.24 July 0.34

Priest Rapids 2.54 1980 0.28 August 0.62
Washougal 2.44 1981 0.36

1982 0.31
1983 0.31
1984 1.06
1985 158
1986 0.31
1987 0.14
Grand Mean 0.018 Flow .0030
(G) slope (@)

Table 5. Negative log likelihoods for lognormal error model.

Source negative log
likelihood
Grandmean 227.89
Y ear 101.23
Hatchery 48.61
Month 4141
flow 35.00
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Table 6. Parameters estimated for lognormal error, full model, non-experimenta codes.

Hatchery (H) Release Month
Year (Y) (M)
Bonneville 1.00 1977 1.00 May 1.00
Cowlitz 2.39 1978 0.14 June 0.62
Grays 0.93 1979 0.14 July 0.41

Priest Rapids ~ 3.35 1980 022  August  0.43

Washougal 3.20 1981 0.31

1982 0.14
1983 0.23
1984 0.72
1985 1.22
1986 0.25
1987 0.12
‘GrandMean 0.016 Flow .0065
slope (a)

H LBORN ET AL.
Page 38

Table 7. Negative log likelihoods for all production and experimental groups

Source Negative log
likelihood
Grandmean 320.68
Year 184.14
Hatchery 169.19
Month 120.91
Flow 113.50

Table 8. Results when using observed recoveries

Model Negative log
likelihood
GrandMean+Year+ 38.86
Hatchery+Month
+Flow 35.00
c 0.42
Flow Sope .0060
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Table 9. Analysis of deviance for model of marine recoveries, aggregated by year and
state.

Model Main Effects

© oo N o

G+Y+H+M+L+A+F HA+HL
G+Y+H+M+L+A HA+HL
G+ Y+ H+ M+L+A HA
G+Y+H+M+L+A

G+ Y+ H+M+L

G+ Y+H+M

G+Y+H

G+Y
G

1:30 PM

Interactions

Deviance df Scale

2001.60 529 3.78

2045.90 530 3.78

2926.40 545 3.78

3468.00 560 3.78

5371.00 564 3.78

6433.30 568 3.78

6846.90 571 3.78

6995.00 575 3.78
8442.00 585 3.78

DRAFT NOT FOR CITATION

Scaled  Factor
Factor deviance Tested

529.00 F
540.71 HL
773.41 HA
91655 A
1419.49 L
170025 M
1809.56 H

1848.70 Y
2231.12
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deita scaled deitadf P value

deviance

11.71

232.71

143.14

502.94

280.75

109.31

39.14
382.43

15

N

10

8/1 6/93

0.0006
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
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Table 10. Parameters estimated for model of marine recoveries, aggregated by year and
state.

Affect GLM GLM s.d. Multiplicativ
estimate evalue

1978 -1.35 0.082 0.26
1979 -1.29 0.093 0.28
1980 -1,28 0.075 0.28
1981 -1.43 0,081 0,24
1982 -1.72 0.099 0.18
1983 -2.00 0.103 0.14
1984 -0.45 0.084 0.64
, 1985 -0.33 0.066 0.72
1986 -1.78 0.095 0.17
1987 -2.19 0.081 0.11
Cowlitz 0.85 1.258 2.33
Grays 0.74 0.521 2.09
Priest Rapids 0.50 1.095 1.64
Washougal 1,57 1.149 4.81
June -0.84 0.057 0.43
July -1.52 0.091 0.22
August 4.02 0.426 0.98
Oregon 1.64 1.017 5.15
Washington 2.75 1.005 15.56
B.C. 3.49 1.004 32.72
Alaska 2.76 1.007 15.77
Age 3 2.15 0.202 8.62
Age 4 1.48 0.209 4,40
Age 5 171 0.238 5.53
Age 6 -0.99 0.493 0.37

Flow slope 0.002594 0.00039 1.0026
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Appendix B1: Peer Reviews of Hilborn et al. (1993b)

Review comments submitted on behalf of the initial manuscript “ The relationship between river
flow and surviva for Columbia River chinook salmon,” authored by R. Hilborn, R. Donnelly, M.
Pascual, and C. Coronado-Hernandez ( 1993 b). General comments tended to be similar and con-

sistent, so a summary was compiled and answered in Appendix B2.

Comments from the following people can be found in the order:
Name (Organization) Number of pages
Chris Ross (National Marine Fisheries Service)

Al Giorgi (Don Chapman, Assoc. Inc.)

John Stevenson (Pacific Northwest Utilities Conference Committee)
John Williams, et. a. (Nationa Marine Fisheries Service)

Phil Mundy (Columbia River Inter-Tribal Fish Commission)

Scientific Review Group; L. Calvin, et a. (Columbia Basin Fish&
Wildlife Authority
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Figure 9. Survival corrected by year and month effect plotted against flow at McNary
darn during month of release for CWT groups from Priest Rapids hatchery.
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Introduction

Columbia River sailmon have bezn fished for perhaps thousands of years. With the
arrival of western European settlers the magnitude of the exploitation increased
dramatdcally. At its peak, the Columbia River saimon stocks produced catches of over 6
million fish from 5 species (Chapman 1986). The peak catches for each species occurred
at different times over a period of about 30 years centered around 1900. Chapman ( 1986)
estimated that total return to the Columbia River. catch and escapement, was in the
neighborhood of 7.5 million fish. The five species of salmonids native to the Columbia

River are chinook salmon (Oncorhynchus tshawytscha), chum salmon (O. keta) socke= =, |
fé’:m

salmon (O. nerka), coho salmon (O. kisutch), and steelhead trout (O@Chmook
salmon are recognized as having two distinct life histories, ocean and sdeam. When

"~ discussing Columbia River chinook, fisheries managers commonly refer to three races

based on time of the return migration: spring; summer, and fall. Spring chinook have a

. stream-type life history, fall chinook have an ocean-type history, and the summer stocks 44

are & muxture rhe two. After emergence. stream-type juveniles’spend oneyear in fresh
water, ge“‘é"eé% in atributary stream, before migrating to sea, and are known as
"yearlings”. Ocean-type juveniles, termed "sub-yearlings", out migrate arthegadef the

first summer.

Beginning about the turn of the century, catches began to show a downward trend
athough the annual fluctuations continued. The adults that migrate into the river during
the summer have suffered the most (Thompson 1951), deciining to very low numbers,
recovering slighdy in 1959 and then declining again (Chapman 1986). Most authorities
(e.g. Laythe et al. 1948, NWPPC. 1986) have attributed the decline in chinook runsto a
wide variety of causes including deforestation, farming, mining, pollution, over-fishing,
unscreened water diversions and construction of dams - the last considered to be the
major contributor. To overcome these pro blems, Laythe (1948) suggested a mitigation
program in the lower river which inciuded screening, water diversions, and habitat
protection, as well as the construction of fishhatcheries. The hat cheries and | ower-river
ef forts were never fully implemented, and b y the mid- 1970’ s the runs of chinook saimon -
to the mid-Columbia were at exaremely low levels. The use of hatcheries to increase the M/“"*"““L

runs had proved relatively unsuccessful

Studies were initiated on the surviving chinook salmon stocks in the mid-Columbia
River from Bonneville Dam to “ Grand Gglee Dam. Raymond (1969, 1979, 1988) studied
the effect the dams were having on travei ttigae ef the out migrant smolts. Two major
findings from his work were (i) wild stocks had better survival compared to hatchery
stocks, and (ii) impoundment of water behind the dams slowed out migration and were
thought to reduce survival. The direct effect of fiver discharge on downstream movement
of saimon fry has been studied by a number of investigators (Irvine 1986; Giorgi et al.
1990; Raymond 1968; Park 1969: Stevenson and Olsen 1991) with varying results. Giorgi
et al. (1990) investigated the relaton of flow to mavel time of sub-yearling chinook salmon
and were unable to conclude that changes in flow were related to changes in avel time;
however they did note that fish moving out in the early part of the summer had higher
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survival t o adulthood compared with those that out migrated later. Raymond (1969)
found that the John Day Reservoir increased the travel rime of out migran smolts fram 14
daysto 22 daysfor that stretch of river. Stevenson and Olsen (1991), experimenting with
different flow regimes in John Day Reservoir, were unable to demonstrate a solid
relationship between flow and mavel time. Park (1969) concluded that. with the advent of
dans, the peak flo ws were reduced, turbidity was decreased, predation and disease
increased, and that “an almost continuously impounded river, with resuitant trends toward
warming water and increased numbers of predators, and other complex changes in the
environment, could eventually jeopardize the existence of the chinook salmon in the [mid]

Columbia River.”

There is little question that the downriver movement of the juvenile salmon has
been slowed by the construction of darns (Raymond 1979; Ebel and Raymond 1976). For % i

each dam constructed above |ce Harbor darn on the Snake River. the travel time was

increased by about 50% or more (Ebel and Raymond 1976), or an average delay of 8 davs alres € o-
per reservoir. Raymond found that migration rates for juveniles were on the order of 40  aad L’i’
to 5S km/day for both free flowing and impounded stretches at moderate river flows /4"\ ¢
(about 8,500 m3/sec.), and in the range of 24 to 27 km/day at iow flows (about 42S0

m3/sec.).

/{Gﬁ{:': 3,
~ %

While the hypothesis that flow and travel rime are inversely related isviewed as a
basis for present river management, the situation is not as clear as might be hoped -
apparently confused by confounding variables. For example, travel time is related to the
condition of the juveniles at time of migration. Their physiologica condition is related to
water temperature which in turn is related to the time of year (Giorgi et al. 1988). The
later in the year, the faster the juveniles appear to migrate (Chapman et al. 1991).

In an effort to shed light on a compiex Situation and to prevent continuing erosion
of Columbia River salmon runs, Congress passed the Pacific Northwest Electric Power
Planning and Conservation Act in 1980 which authorized the states of Idaho, Montana,
Oregon and Washington to create a entity to plan for two important resources in the
Columbia River basin: electricity, and fish and wildlife. The entty created was the Pacific
Northwest Electric Power and Conservation Planning Council, best known as the
Northwest Power Planning Council. To emphasize the importance of fish and wildlife.
Congress mandated that the Council develop the Columbia River Basin Fish and Wildlife

Program before developing a power plan.

The Council has established the doubling of the salmonid runs of the Columbia
River asaprimary goa of its Fish and wildlife Program. Achievement of this objective
could result from: (i) an increase in the production of hatchery salmon, (ii) increasesin (v deeiszie
the production of natural spawning salmon. and (jii) increase in the downstream survival 5. l, cech
of juveniles. All three factors are likely to be involved in a ouly successful stock 7
rebuilding effort Many management actions have been taken in an attempt to increase :
downstream survival, including: (i) fish bypass facilities. screens that divert j uveni | e
sal non from the turbines, passing them through the dam in a separate water system, (ii)
transportation: juvenile salmon collected at the fish bypass facilities and transported via
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o

Ross-5 t; WX

Flow and survival . . Page <ptf.
U V) M ’
#

bargehalos Ranpeiflé etk aeen crlescad- il incrasad flow during perieds
of smolt migration ing thte spill of water over the dam bypassing the turbines; (§/)

predator control: rcduc;ing the population of northern squawfish (Piychocheilus
oregonensis) in ttereservoirs.Eachhof ft Hieseeantttmsits directed toward increasing the

survival offish = ey eEs
et Dam.Y_WhiIc fish bypass faciiities have been evaluated using fin-clipped or freeze-branded
,u,,tiﬁ—\ .  fish, and transportation evaluated using coded-wire-tags, to date no attempts have been A
made to evaluate increased flow or predator control efforts. e T \7‘17 <
oy o Sy
Uncbea One of the guiding principles of the Fish and Wildlife is adaptive management = S §
Fobent=E" - learning by past actions. Untl managers are able to evaluate reliably the effectiveness of &. . 2.
’t‘u their actions; learning wiil be slow. Changesin flow and other factors associated with o
©_ downstream survivals /To"SOMme eXiEntican be evaluated'by in-river mark recap cure
4.1—43-—'( experiments, and such experiments arc certainly an essential part of any well-designed ’Q‘mq
,‘,.--—ﬂg ; attempt to evaluate water flow. However. this iSnot practical on a big enough scale to . 144¢.

stady

aand

encompass all hatchery stocks, nor would such an in-river mark recovery program
measure impacts that might occur once the fish leave theriver.

Most studies of the relationship between flow tsur'v@have conceatrated on —_

in-river measurements and comparison, primarily usingifreczeranding, to. measurs-tavet-
~mes: Such studies have no way of examining the impact of changesin flow on survival

after the fish pass through the dam system. A potential source of such datais the coded

wire tag (CWT) data base. Since the early 197051thousands of groups of hatchery and

wild fish have been tagged on the Columbia, and the commercial and recreadonal fisheries

and escapements to hatcheries have been systematically sampled to obtain tag recoveries.

CWT data have been routinely used by the Pacific Sdlmon Commission (PSC) working

groups to estimate survival of Columbia River stocks.

The purpose of thisstudy istoi nvesti gate the potendal for usingthe CWT data
base to examine the relationship between in-river factors (especially flow) and survival yff
Columbia River chinook salmon.

M ethods and Results

Estimating Survival from Coded-Wire-Tag data

Since the early 1970's approximately 2600 individual groups of chinook salmon
have been marked with CWT's on the Columbia River. These rags have been applied
primarily at hatcheries, although there has been some marking of wild stocks, and some of
fish collected at ti. The motivation for tagging has been quite diverse, but most tags
have been applied to compare experimental hatchery treamnents, such as size and time of
release, feeding regimes, or other hatchery practices. The data base on CWT data
denotes three primarily types of tagging, experimental. production and index.
Experimental tag groups are those mentioned previously, where agencies arc
experimenting with hatchery practices in some way. Production groups arc fish reared
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under normal hatchery conditions and tagging is done in order to determine the .
contribution of the bulk of the hatcheries release to fisheries and retumn to escapement.
Index tag codes are specifically designated for use in evaluation of fishery management

practice.

For the purposes of examining the impact of in-river conditions on survival, the
~ production and index tag codes are preferable because they have not been subjected to any
experimental treatments. However, many experimental groups appear to have similar
survival to the hatchery production groups, and since far more releases are experimental
than either production or index, we may notwant t o exclude experimental groups out of 3

hand. )

Since the aim of this project is to examine the relationship between in-river flow --
and the subsequent  survival, we nust have CWT groups reieased from arange of flow
conditions.. Figure 1 shows the average flow at McNary darn in May. from 1976 to 1989. B
The amount of variation in flow is not great, but there is alittle more than two times
variation from the lowest year, 1977 with a flow of 150,000 cfs, to the highest year 1976
with an average flow of 350,000 cfs.

Figure 1 near hero

The highest flows occur in May and June. with declining flows in July and Angust.
Figure 2 shows the seasonal pattern of flow for 1976 to 1988. There is a high correlation
in flows between months (Table 1), generaly 0.8 or higher.

Figurs 2 near here
Table 1 near here

We searched over all available CWT codes for hatcheries that met two conditions,
(1) the hatchery must be upstream of McNary dam so that the juveniles had to pass
through the four lower river dams at a minimum, and (2) there must have been non-
experimental tagging over a number of years with contrast in flow.

Unfortunately, only Priest Rapids hatchery met these conditions. None of the
Shake River hatcheries had consistent enough tagging to provide a usable base of data,
and none of the other hatcheries on the mainstem above McNary dam had more than
occasional tagging. ‘Priest Rapids. in comparison, had consistent production or index
tagging from brood year 1975 to the present time. Only three of the tag groups at Priest
Rapids hatchery were experimental. In recent years a number of other hatcheries have
begun systematic tagging of index or production groups, and within 5 or 10" years there
will be a much bigger base of available hatcheries. However, at present, only Priest
Rapids hatchery provides enough tag groups over enough years to examine the
rel ationship between flow and survival,

For any CWT group, we can estdmate the survival from release to any arbitrary age
using the method of Virtual Population Analysis (VPA). This method is routinely used for
chinook salmon by the Chinook Technical committee (CTC) of the Pacific Salmon
Commission (PSC), and the method is described in Hilborn and Wakers ( 1992). Because
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Memorandum

4 Oct., 1993

To: Bob Donnelly, UW
From: Al Giergi, DCC

Subject: Reviewof draft CWT manuscript

on page 5, the stated purpose of the study was to
investigate inriver factors (especially flow) and survival in
Columbia River chinook salmon. But in fact, only a single
factor, flow, was examined. In my view thisis a major
shortcoming of the analysis. Since al of your anal yti cal models
indicate a relationship between flow and _survival to age two,
further_development and treatment of the mechanisms that could
affect survival and accompany increasing flowsis warranted. Flow
is only a general index of overall passage conditions. At high
flow levels spillage increases Fhis would be ‘expected to enhance
mainstem survival. Some investigations indicate that
subyearlings mgrate faster with increasing flows, which my
increase survival to sone degree. You fail to either discuss, or
analytically treat these matters. Your results and discussion
sections inply that increased flow increases survival, but it is
possible to provide spill at any flow levelr. Wiich nechanismis
really key in inproving survival? There may be others as well,
such as those you briefly identify in the discussion section such
as the potential for estuarine conditions to fluctuate with flow
vol une.

Since spill and fish mgration speed are repeatedly
i nplicated asmechanisns affecting instream survival, YOU should
at least treat these. For exanple, in Figure 9; 1977, 1979,
1985, 1987 yielded the | owest adjusted survival. Your depiction
illustrates that your index flows were below 200 kcfs. However,
in those sane years spillwaseither absent or negligible during
the June/Jul y/ August period, when these fish are mgrating
seaward. The problem is that spill effects cannot be separated
from perceived mgration effects in these data sets.  You”nust
informthe_reader of this difficulty. |f you do not, you may
spawn yet another SiTs and ossiander debate. Sone readers will
see flow as a surrogate for nmigration speed related survival ~
effects, while others will contend it is a spill effect. You
could illustrate the difficulty by showing the correlation
bet ween spill and flow in this data set, and discussing the
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ram fications.
Tenperature is another inportant factor that affects

predatory fish consunption rates. Int he lower Columbia there
may be arelation between your flowindex and__tenperature. This
should be explored. Gorgi et al. (1990) showed that throughout
the summer, survival to adult decreased, for three years.  Over
the course of each summer flows decreased, spill % decreased, and
tenmperature increased. Al highly correlated. It was inpossible
to attributes effects to anysingle variable. They probably work
in concert.

Transportation: The proportion of the Priest Rapids
popul ation subjected to transportati on each year will_affect.
survival . Estimating this will be difficult. Prevailing spill
Ievels at the time the popul ati on passes McNary iS critical, as
m ght be annual changes in FGE, which in thenselves may be flow
sensitive. Some creative thinking may |ead to sone plausible
I ndex.

In summary, this is a multivariate river system analyses
nmust treat it as such. | would be willing to work.with you.in__
devising appropriate indices of.spill, tenperature and
transportation. There may even be sone travel time data from
hatchery to MCN and John Day that be instructive. Branded groups
were released from PRinsome years.

Sone specific Questions/Itens:

The Flow index:
| suggest selecting a flow index other than nonth of

release. Freeze brand data for this population indicates the

medi an passage time at McNary Damto be the very end of June and
through early July. The bulk of the population is noving through
the lower inpounded section pri rrarlly during July. This would
appear to be a.prefer ahl.e. i ndex. perlod “when < attemptlng to -
characterizes inriver condiions dur| Ny migration. ™ —

Alternatively, averaging flows over ‘a_thirty-day period following
rel ease may be useful since the median travel time to McNary dam
is typically near 20 days (see some FPC reports since 1983) .
Either of these seem preferable to the current index. For
example, many groups are released during the last ten days of May
or “June, and are not even inriverduringthempjority of the
period you have selected as the index(i.e. nonth of release)
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Tule stocks as control agroups for Priest URBs:
Except for URBs at Bonneville hatchery, the rest of the

control popul ations appear to be tule stock. It seens like it

woul d be difficult to argue that tules and URB are similar tar enough

to warrant use_as ccn?rofs Océan distribution i's onI y Tone
i ndi cator of simiari ty /" Perhaps other life history traits need

exam nation. To dismss this as a concern seens nost
i nappropriate, and will certainly be subject to criticismin any

final draft.

Survival estinmates:
In the results section it is not apparent which hatchery

populations were used as_controls to.yield figure 9 . Were
hatcheries pooled in some years. The nmechanics of the procedure
is not clear. Aso, is the adjusted survival in figure 9
survival to age 2? Then the survival in figure 7 is survival to

returning adult?

Assunpt i ons
Ps are

esti.mat ed and never_mm: How robust is the analysis to
‘departures from estimated P? Di scussion of this seens

appropriate. Also, the cited P values fromthe CTC are for what
race_of chinoock; presunmably they are falls, TNOT spring chinooX.
Please clarify. Also, the ctc values are reported w thout error.
What are the variances associated with these estimates, and how
does that affect analyses and concl usi ons?

Inter-dam | oss of fish appears to be ignored in these
analyses. It is not clear that this Is warrancéd. Priest Rapids

“fish'incur this nortality, while control stocks do not. |t seens
that some adjustnent is required.

Hyvothesis testing:
On page 7 youstate that hypothesis testing is inappropriate

for decision making. Yet on page 13 you test models which pose

hypot heses? Wat's up?

Di scussi on:
The range of the change in survival related to flow ranged

from26 to 65 %, not. the 20 and 60% specified on p. 18.
Yogi state that flow affects estuarine Conditiens: how so?

A little discussion of estuarine dynam cs seens | n order.
\'fh‘e—bf“‘—o'n‘e_what méchanisms associated with, &F
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acconpanyi ng increased river discharge are implicated as

af fecting survival. The paper conspicuously avoids any treatment
of nigration speed, t emperature/predation dynamics, SpPill — -
vol unes, or transportation. T i

‘THe analyses and discussionare in my view incomplete in this
regard. Further analyses are warranted.

cc: Pat Poe
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PNUCC

PACIFIC NORTHWEST UTILITIES CONFERENCE COMMITTEE

December 13, 1993

Mr. Robert Donnelly
School of Fisheries WH-10
University of Washington
Seattle, Washington 98195

Dear Mr. Donnelly:

I, along with PNUCC member biologists and other PNUCC staff biologists. have reviewed the
manuscript entitled “T’he relationship between river flow and survival for Columbia River chinook
salmon, ‘f and offer the following comments.

Generad Comments

Abstract — The abstract of the manuscript states:

The relationship between flow and survival when corrected for ocean condition shows a
stronger correlation, which is highly significant. The Jope indicates thar an increase in
Sflow of 100,000 ¢fs ar McNary Dam would result in 65 percenr increase in survival of
Priest Rapids haichery fish.

Although this conclusion is discussed within the body of the text, it |eads the reader to believe that this
is the major conclusion of the paper. Later in the text, a statement is made to the effect that while it
appears that surviva is correlated to flow, you do not feel confident in saying which statistical model
most accurately reflects that relationship. Y ou continue by saying that you are less confident in the
expected increase of survival in relation to flow than you are with which model to use. Despite these
statements, you present the results of the Virtual Population Analysis and conclude that a flow increase
of 100 kcfs at McNary will result in asurvival increase of 65 percent for Priest Rapids hatchery fish.
My concern is that many people will read only the abstract and will miss the main conclusion of your
paper, which 1 read as-flow is correlated to survival, but to what extent you are uncertain. | strongly
suggest that you edit your abstract to more accurately reflect the contents of your paper. To do otherwise
would be negligent.

In addition, the objective of your work should be clearly identified within the abstract. As stated on pas
5, the objective is to “. . . investigate the potential for using the CWT data base to examine
relationship between in river factors (especially flow) and survival in Columbia River chinook salmc
In line with this objective, your conclusions should address the utility of these coded wire tag da
evauating survival, and of the paper’s statistical modeling methods for analyzing the data to dete
the correlation between flow and survival. You should also point out that your work is of
experimental nawre in that you have not evaluated CWT data in comparison with other data (suc’

PIT tag data collected in 1993 in the Snake River).

PNUCC ONE MAIN PIACE 101 SW MAIN STeeT, SUITE 810 PORTLAND, OR 97204-3216 (503) 223-9343
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Mr. Robert Donneily
December 13, 1993
Page 2

Assumptions - In each of the statistical analyses you have presented, there are several key assumptions
that have not been fully considered (e.g., transportation, spill, inter-dam less, mortality due to elevated
nitrogen levels). Although these assumptions are acknowledged, you have not adequately addressed them
in your analysis. For example, adult in-river mortality between Bonneville and McNary dams has ranged
from 0.7 percent in 1986 to 22.3 percent in 1991, and has averaged 15.1 percent from 1986 to 1992.
Because each variable is affected by flow, and subsequently affects survival, it is important to address

each of them within your analysis.

Other Factors - Assuming that temperature is significantly correlated to time, time to flow, and flow
to survival, isit possib Ie the affects on survival seen in the analysis are in part the result of temperature?
Also, isthe possibie influence of temperature on survival addressed adequately by evaluating the variable
“month effect”? Knowing that temperature is a function of time, and there is a correlation between flow
and time, | wonder how much of the correlation between flow and survival may be expiained by
increasing temperatures. This may be an issue considering the propensity of fall chinook to rear within
the river prior to migration. Also, given the fact that Priest Rapids fall chinook are typically released
late in the season when temperatures are high, predation is high, and the smelts are relatively small (in
1993, PRD fish were released at 50-70 fish/pound in June).

Control Group - Your analysis is based on the assumption that lower river and Priest Rapids hatchery
groups have comparable ocean mortality rates. | would argue that this may not be the case. The stock
used as your treatment group is an up-river bright population, whereas the lower river control groups are
of Tule origin. Based on data produced by the Pacific Salmon Commission Joint Chinook Technical
Committeein their 1991 Annual Report, the attached tables show how catch distribution and total harvest
mortality varies between the up-river bright and tule stocks. In addition to the differencesin distributions
between the stocks, fisheries management has also varied from year to year for each of the fisheries listed
in the tables. The variation in distribution and changes in harvest management could account for the
differences in survival observed for each stock. Furthermore, different ocean environmental conditions
can affect the survival of each stock due to the differences in ocean distribution.

It may also be useful to address how the treatment group compares to wild Hanford Reach fall chinook
with regard to migrational timing to McNary Dam. If peak timing for both stocks is not fairly close,
conclusions drawn for hatchery fish may not apply to wild stocks due to the time-sengitive effects of a

multitude of variables.

| appreciate the opportunity to comment on your draft manuscript, and would be more than happy to
discuss these comments with you. If you have questions, | may be reached at (503) 223-9343.

Sincerely,

John R. Stevenson “
Senior Fisheries Analyst

ce: Patrick Poe, Bonneville Power Administration
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Mr. Robert Donnelly
December 13, 1993

Page 3
Annua distribution of reported catch (PSC TCCHINOOK (92)4).
Stock All All Fisheries Total Other Other Other Other Other
Alaska | Nte/Cnt | WCVI GeoSt | Canada | Canada Us. Us. Us.
BC Troll Net Troll Troll Net sport
URB 26.0 19.2 133 0.3 0.9 0.2 1.9 34.4 39
(79-91)
Cowlitz 6.9 9.7 21.8 0.2 2.0 0.7 17.9 20.2 20.6
(81-91)
Bonne- 0.0 34 373 24 4.6 19 14.0 19.6 16.9
vitle
(80-87)
Spring 0.0 0.9 25.4 1.2 1.2 0.9 19.8 36.9 13.8
Creek
(79-91)

Annual distribution of total mortalities (PSC TCCHINOOK (92)-4).

Stock Ail All Fisheries | Total Other Other Other Other Other
Alaska Nth/Cat | WCVI Geo St Canada | Canada | Us. Us. Us.

BC Troll Net Troll Troll Net sport
URB 30.8 18.5 13.0 0.3 0.7 0.1 19 311 35
(79-91)
Cowlitz 9.1 9.7 22.3 0.2 1.8 0.6 18.4 18. 19.2
(81-91)
Bonne- 0.0 3.0 39.6 1.8 3.0 12 | PO . i
vine
(80-87)
Spring 0.0 0.9 25.8 L1 1.0 0.9 20.6 35.0 14.7
Creek
(79-91)

Reproduced from tables presented in the Pacific Salmon Commission Joint Chinook Technical Committee
1991 Annual Report.
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Mr. Robert Donnelly
December 13, 1993

Page 4
Specific Comments

Page Par Line Comment

2 Abstract Should list al of the factors evaluated in the analysis, not just
flow.

2 Abstract A summary within the abstract on the range of slopes developed
in the analysis, their significance, and a statement of the
assumptions would be very useful.

2 Abstract Instead of stating “. . . long time series of coded wire tag (CWT)
release groups. . . “ it may be more accurate to state "a series of
coded wire tag (CWT) release groups over an extended time
period. " “Time series” may be confusing to the reader since it
implies that a time series analysis was performed.

3 1 3 Is this saying that an “annual” harvest rate for the five species

was in the neighborhood of 6 million fish, or that over the 30
year period the total catch was 6 million? This needs to be more

specific.

| 7 Should change ‘The five species of salmonids nativeto..” to

“The five species of anadromous salmonids native t0 . . . .7
Also, should other anadromous salmonids be added to this Ilst

such as sea-run cutthroat trout and dolly varden?

| 9 The scientific name for steelhead is incorrectly referenced as
Onchorhynchus maw. Thecorrect referenceis O. mykiss.
O. masou is asalmonid species commonly referred to as the
masu salmon, and is only found in Asia.

3 2 Change “ Grand Coolee Dam” to “Grand Coulee Dam. ”

5 2-5 | would agree that each of the measures identified possess the
potential to aid in the achievement of the Council’s goal. But,
while although the focus of your paper is on downstream
migration, and more specificail y survival, | would include other
life stages where survival may be increased to improve adult
contribution (e. g., improved estuarine and ocean survival,
decreased exploitation, improved adult instream survival, etc.). “



Mr. Robert Donnelly
December 13, 1993
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Specific Conment s

Comment

Page 5

Page Par Line
5 1 1

5 l 5

5 6-8

2(full) 46

JS101

[tem (ii), which begins on page 4 should be modified to reflect
that fish are also transported by truck, not just barge.

The statement “. . . survival of fish from the time of release until
they enter . . .” implies that these measures are intended for
hatchery fish done. The insertion of “or emergence’ after
“release” would make the statement more accurate.

In the last sentence of this paragraph, two points are made.
First, that in-river mark recapture studies are not able to evaluate
in-river survival on alarge scale. Second, that in-river mark
recapture studies cannot identify mortality after a fish has |eft the
river system. | would disagree that mark recaprure cannot
evaluate hatchery stock survival. Using the single release method
tested by the National Marine Fisheries Service in 1993, | would
think that with enough PIT-tagged hatchery fish, survival could
indeed be measured. | would agree that mark recapture methods
cannot evaluate mortality once a fish leaves the river system.
But that is only an issue if it is assumed that the effects of
mortality are realized after the fish has |eft the system. | am not
aware of any empirical data to support this theory.

In the analysis, the test and control fish were of upriver-bright
and tule stock respectively. Because of the difference in ocean
migrational patterns, the argument can’t be made that both test
and control fish are exposed to the same incidental fishing
mortality.

Need to correct the statement “. . . among fish released in 1985
and 1985. .. ."



Mr. Robert Donnelly
December 15, 1993
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Specific comments

Comment

Page 6

Page Par Line
11 Equation 9

12 3(full) 6

12 3 (fuy  10-11
12 3 (ful) 11
13 s(full) 1

13 3 (full) 2
14 Equation 11

18 1 2-5

JS101

Flow is not independent of year and month. Some discussion of
how this is accounted for (if it is) would be helpful. The
problems with using average flow during the month of release
should be discussed. Also, separation of temperature effect from
the flow effect would make the model more accurate.

Capitalize “spring creek. ”

What is the source of the ocean spatial distributions presented in
figure 6?

Capitalize “priest. ”
Should “defiance” be “deviance’?
Should “equation x* be “equation 97

One of the M’s on the right hand side of the equation should be
sub i, not j.

The statement “. . . evidence that higher flows would lead to
better survival . . . throughout the entire Columbia and Snake
river basins’ is at this time conjecture. It should be deleted from
the text.
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| National Oceanic and Atmospheric Administration

NATION MARINE FERIES SERVIC
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Zone and Estuarine Studies Division

2725 Montlake Boul evard East
Seattle, Washington 98112-2097

November 16, 1993

Dr. Robert Donnelly
School of Fisheries, WE-10
Uni versity of Washington
Seattle, Washington 98195

TP IAY
Dear‘ﬁfy{-};—},})
Attached are sonme conbi ned anonynmous staff reviews, with comments
al so added to the text, of the draf: report entitled “The
relationship betweer river flow and survival for Columbia River
chinook salmer.™ I hope that you will find them constructive. It
appears that one ci the largest problens may lie W th the ocean
di stributions f the lower river versus Priest RapidsHatchery
fish. Maybe & nbre prominent placementofthecaveatsoutlinedby
one reviewer would also imgrove the strength of the paper (but not
necessarily of the conclusiecns found) . 1Ifyouhaveanyquestions,
give me a call at8&0-2277.

Sincerely yours,

cc: Pat Poe
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Hillbeorn et al. 1993

Editorial comments:

General Iy sloppy writing.
Page 3, para 1: masu should be mvkiss.

Page 5, para 1: "to date no attenpts have been made to

eval uate increased flow for predator control effects (on *
survival)”

Authors should read Sins and Gssiander, Petrosky, etc.

Page 7, para 1:
Cal cul ation of survival to age?Z2:

_ Assumes probability of survival fromage 2 to age
6 is known, only losses to fishery and escapenent, and all fish

spawn by age 6.
Does not consider upstream passage mortality.

Chose to ignore incidental fishing mortality assuming all grcups
affected equally.

Page 7, last para:
why IS “hypothesis testing inappropriate for decision-
maki ng” ?
“I't is statistically inappropriate to use surviva
rates as the y variable in a linear regression. ”
Pages 8-9:

in arguing agai nst the appropriateness of hypothesis
testing for decision-nmaking, the only argunment put forward
i nvol ves hypothesis testing and using survival as the y variable
in a linear regression.

-2
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Figure 6 apparently indicates an ocean distribution of fish that
iz ﬁwa;*;rtlally different for Priest Rapids fish comparad To
fish from % lower Columbia River hatcheries. Figure 8 is
mialeading b ecaudse 1t covers up the distributicn of fish off the
Washington Coast; nonetheless, 1t appears that appreoximately 35%
of the Friest Rapids fish are caught in Alaska and while only 4%

Washinston. In contrast, 1t appears that Bonneville Hatchery

QS

in

may have the =losest distribution to the Priest Rapids stock;
howevear, Beonneville Hatchery fish are caught at 1/2 the rate in
Alaska and nearly © times the rate in Washington comparéi to the
Friest Rapids fish. From thssge results. it appears APPropriate
to use lower river stockz to adjus=t for ccean mo rta11+1as This
rticularly so sincs stocks of fish from Alaskan waters have

t.a
DU

L#)
mﬁ>m

substantial increase in survival since the late 1970s (the

hmd

pericd you considered her=). It seems highly plausible that

Prisst Rapids fish may have survived at a higher rate than lower

river hatchery because of a different ocean distribution. Total

stock returns to the Columbia River would appear to bear this out

where lower river tules and upper river bright fall chinock s=zenm
=B ien one group has high returns. the other deoes non
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Introduction

Celumbia River salmon have been fishad for parha ousands of years. With the
arrival of western European szulers the magnituce of the vx;} itation increased
dmmagcally. Atits peak, the Columbia River salmon stocks produced cawhzs of over §
nillion fish from 3 species (Chapman 1986). The peak caches for 2ach species occurred
at differsar times over a period of about 30 years centersd around 1900. Chapman (1986)
estmated that soral reremn to the Columbia River, cawch and escapement, wasin the
n .gnoc..xcod of 7.5 million fish. The five species of salmonids native 0 the Columbia
River are chinock salmon (Oncorhyncius ishawyrischz), chum salmon (0. kela), sockeye AR
salmon (0. nerka}, coho salmea (0. kisuzeh), and swethead wout (O (1254} CHINooK m
saimon are recognized as having pwo disdnez life historiss, ccean and se2am. Whea
olu:nc'a River chincok, fisheries managars commenly refer o three race
(=

/

£

of the rezumn migration: spring; summer, and fail. Spring chinock have 2
smeam-tyne life histery, fall chinook have an oczan-type history, and the summer stocks -
ars 2 mixwre of the two. Afleremerzencs, sTsam-rype _z'.:"ﬂmles‘si,c'ud cne year n fres! 7

water, Farerals in a mibutary sream, tefore mizradng to sez, and are kacwn as

"vearlings”. Ocean-1ype juveniles, wrmed "sub-yaarlings”, cut mugrate s 2ad et the

v the wurm of the sentury. calches began 10 show 2 downwwd Ten i
althcugh the annual fuccuadons contdnued, The aduls thar migrate into ah: ‘-,c' durin
ve suffersd the masz {Thomp 195‘;) -:‘I:'::'.ining o)

L 1659 and then :::m:ng ag zin man !986). ;\Icsz autheride
ai, 1948, NV T‘PC. 168 3G have 3t A 1

2uses inciucf:ng 2forestagon, farming, mining, po 1 iution, uv»'-nsn:.g,
) onszr_c:;cn of dams - ‘h» last considered 10 be the
major ccnr:i‘:u:cr. o overcome thase pr reblems, Layihe (1848) suggesied a midgaton
rogram in the lower rives which x:-cud s:rc:mna wavc' diversicns, and habitat

PR,

cn. 2c waill as the construcdon of fish hatchenes., Tne hatcheries and | lower-river

slemented, aaé by the mid- 1970's (Re runs of chinock salmon

rIA
15 the mid-Columbia wers at exwamely low levais, The use of hatcheries 1 increass the AR P
h
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reas had proved reladvely unsuccessivl .
Studies wers inidated cn the sun-i»iathineck saimen swocks in the mid-Columtia

River frem Bonneville Dam o Grand Ceflez Dam. Raymaond (1962, 1979, 1538) scudied

the effect the dame were having on mvcfzrrr of tha out migrant smclts. Two majer

findings from his work wers (i) wiid stocks had deir survival companed <0 hatchery

siceks, ::d £y zr—oo-mdmcm of water behind the dams siowed out migradon and were

thcught o rmduce survival. The dizect effect of river discharge on downsaeam movement

£ salmon Ty has '*c.,n studisd by a number of investgators (rvine 1986; Gicrgi et al.

5%0: Raymond 19 P;i.ri: 10'9‘ Stcvc'*sm and-Olsen 1991) with varying reculis. CGiorg

eral ;’1990) inves ga sd tha raiation of flow (o wavel Gme of sub-yeariing thincok salmon

and were unabie 10 conclude tat el ‘mgﬂs m :‘Iow were related 1o changes in mavel dme;

however they did nete that fish moving outin the early part of the summer had higher

(R TGy Y z
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survival 10 adulthood compared with those that out migrated later. Raymond (1969)
tound that the Jehn Day Reservoir increased the wavel dme of out migrandsmolts from 14
daysto 22 davs for that sgewzh of river. Stevenson and Olsen (1991}, expedmendng with
different fiow regimes in John Day Reserveir, were unable 10 demonstrar a solid
relatienship berwezn flow and mave! dme.  Park (1966) concluded that, with the advent of

dam;, the peak flows wers reducad, twrbidity was decreased, predation and diszase
increased, and that "an aimest cendnuousiy impounded siver, with resultant mends oward
warming water and increased numbers of predators, and cther complex changes in the

eavironment, could evanmeally jeopardizs '_h- exisience of the chinook salmon m the {mid]
Columbia River."

Thers is lirtde queston that the downriver movement of the juvenile salmon has |
'oc:.. siowed ty the conszuction of dams (Raymend 1979; Etel and Raymond 1576). For ."ﬁ“"x /

each d..r‘z conscuctad above {c2 Harber dam on the Snzke River, the mavel time was A (75
by (B-

increased by about 30% or more (Ebe! and Raym ..md 19 6)' or an average delay of 8 days 57 =
per reserveir, Raymend found that mizraden rates | eniles were on the order of 40 "

,%7

)

for
10 53 xm/day for both free flowing and impoun jca’ sa“:ch s at modemute river flows
(abcut 8,500 m3/fsec.), and in th r2ngs of 24 10 27 korvday at low flows (abour 4250
m3/sec.).

X

¥
e
g

g

asis inversely reiazd is viewed as a
{ river m::rg:::zc::z. the ziadon is nctas clear as migh b hoped -

rlaed w the

apparentdy confused by confeunding vadables. For example, Tavel r.:rr.c s

condizen of the juveniles at Zme of migradon. Thex ,,hvs iological conditicn is relaed 1o
waler emperanrs which in tumn is relazed o the tme of year (("xor"l cral. 1588). The
law2r i the year, the faster the fuveniles appear 1o migrars (Chapman ecal. 19%1).

In an effort to shed light on 2 complex situadon and to prevent continiing erosion
£ C' umbia River salmen ruas, Coagrass passed the Facific NGI‘_LW\-St lecmic Power
P

ar and Censervation Actin 1930 which authernized t.‘" stazes of Idaho, Monuana,
O::gc-n and Washingion 1o create a entty te pian for twe imponant rescuress in the
C ~

—<"
43
J

UQ .

iz River basin: gizemwicisy, and fish an v.udl The endry creawed was the Pacine
ower and Conservaten Planaing Ceuncil, best known as the -
Normiwest Power Plaaning Councdl. To emphacsizs the 'npor:..ncc cf fish and wildlife,

Congmess maendaed thar the Council develop ths Columbia River Basin Fish and Wildlife
Program before developing a power nlan,

Thae Council has esmblished the doubling of the s2imonid runs of the Columbia
Riveras a primary goal of its Fish and Wildlife Program. Achievement cf this'objecave
could rezult from: (i an increase in the procucticn of haichery sa.mon (i) increases zn(i‘v> ,_(‘M
the producdon of ratura! spawning salmen, and {iif) increase in the downsteam survival 7,

of juveniles. All three facters are likely to be involved in a muly successful stock > .
rebuilding effcrt. Many management actions have been taken in an anempt o increase S

downszeam survival, including: (i) fish bypass factiides: screeas that divent juvenile
salmon from the turbinss, sassing them through the dam in a separate water system; {if)
Tansporaten: juvenile salmon coilected at the fish bypass facilides and mansporied via

1023 AM DRAFT'NOT FOR CITATION 827133
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bargs below Benneville Damfwhere they are reieased; (1i) iscreased flow dwing pertods

W of smolt migratt cn}.mw.u..z re spill of water over the dam bypassing the turdines; ({v)

predator conusl: reducing the popuiation of nerthem squawfish (Prychockeilus

, oreganensisy in he reserveirs. Each of thess actions is d1rc’.-d toward increasing the

poi” s —_survival of* 'cwfr:,aaa»an Sme-aisleasclunntherenmrieliovwariues Selow Donaeviile
- ’? : i 4 I

Airladlisn Da- While fith bypass facilities have besn svaiuatad using fn-clipped or freeze-branded
¢ :
e . figh, and Tans poration evaluated using coded-wire-tags, (¢ date 10 anempts have bi:ix_’??,‘:»m

J

’ made 10 evaluaw incrzased flow or predator conmol efiorts. P ’{;:
e
(e Oneofthe g 'f‘?ng principies of the Fish and Wildiife Blaft 1s adapve management S
S - ieaming b_v pasz acsons. Undl rmaragers are abie 1o cvalu:;u: reiiably the effecdveness of g. .
et their zcicns, learning wilf be siow. Uxang:: in flow and other factors asseciated with .
e . aownsoeam survivals fI5 some exenlcan e "'a.u_mv in-river mark recaprure i
. Sl experiments, and such experiments are c:rr.._m'. an essential parg of any weil-designed RZo!
il ansmpt i 2valuaw waer fiow. However, tis is not pracdcal on a big enough scale o . 147
5':::.1« encompass all hawchery siccks, acr wouid suc‘: an in-river mark recovery program
""""‘:“"7 ) masure impac:s thar might occur once the fish leave the river.

b cenzaed en

Mges: stedizs of the reladonshiz berween dow a ndfe rvlw’fy..a'/r concenma o
In-TIver meas 'ur“-.:";s and cempanson. srimanily using freeze oranding loomsasirs-Faver
70 way of examining the impac: of changes in flow on survival

hd . . . - v .
15 pas :.L::ug.-" e dam svsizm. A powndal sourcs of such daa is the coded

s ¢f groups of hawaery and

(g%

M H T Na N -
z. Since the eaniy ;9:'.;j;ho¢s“n o)
. \ ; . i L .
wild fish have bean 1az22d on the Coiumiia 2nd the comumnertizl and recreational nsu....cJ
P2 hand

3
and &scapements IC haghenes '1"’/& DC:S 5¥ SZ.':.'T'.S.CCE;;

N
. . . At
£roups {0 esumate survival o! -h,a:'.;.m a RJVC:‘ SI0CKS.

wenszl for using the CWT data
{especizllv Mlow) znd survival }dﬂ

s - ;»:H’nﬂ(“" AR aan T e [ et abdahnl
S TLISTCNIAlY CETAELN NS ...Cu.,t
]

Methods and Results

Estimating Survival from Coded-Wire-Tag data

Since the early 1970's approximarly 2500 individua! grcups of chinook saimon
have besn marked with Cv T3 on he Columbia River. These tags have tceen appled
primanly a: hatcheries, although zhere has bean some marksng of wiid stocks, and some of
fish colleczed at dams The modvation for taggng has been quite diverse, but most gS
have been appii=d 10 comparz sxpesimental haichery geaments, such as size and Hme of
release, feeding regimes, or other hawchery pracdces. Tae daia tase on CWT daa
deactes thres Dnmml opes of tagging, experimenta!, producten and index.
Expc..r"c.‘ul 2z 51..(."" iz those meadoned praviously, whare agencies are
experimenting with harchery practices in seme way. Preductdon groups are fish reared

a bhed LA T R iy 4 x./‘-.\--bb
s
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Pl ease check these comments for accuracy and whet her you
understand what | nmean! Note that comments are due by the 15th

and |'msure you’ll be getting this on the 15th!

pg. 6, par. 4, last sentence - _
Wy is the “high correlation in flows between nonths” of

noted inportance? Isn't this generally true? .

pg. 7, par. 1 - ) .
In the equation for N,, the p is |owercase, but inthetext

the P's are uppercase.

pg. 7, par. 4, sentence 5 - _
“survival rates cannot have values |ess than zero” is only a

probl em when the distributions around the true survival
rates woul d include negative values. |In many applications,
the survival rates are “far away enough” from zero (or one
for that matter) so that this iS not a problem

Coul d the authors expand on the neaning of “... the
potential for differential reliability of different survival

rates. . ." and why that nakes using survival rates as the y
variabl e inappropriate.

pg. 11, Correcting for trends in ocean survival
ood idea, but can it be assumed or denonstrated

This is a
that the Priest Rapids stock and the |ower Colunbia hatchery
stocks are mxed in their ocean mgration distribution, i.e,

is the cwr sanpling equal for the two groups in all sanpling
areas? If not, how would this affect ?or las) the results?

pg. 13, last par. -
scaled deviance (see Table 3) is not defined here, while

delta scaled deviance is. Perhaps thisdefinition should be

included after the sentence "...than expected under the
poisson." The next sentence after inserting the scaled
deviance definition should say "The changein scaled

deviance from one model to the next is the delta scal ed
devi.ante.”. This would make this paragraph nore correctly
describe the columns in Table 3.

pPg. 14, par. 2 - ) . )
The scale factor is the residual deviance of the npst

general model you used divided by its degrees of freedom.

-7
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Perhaps why the scale factor was so large is that you are

mssing some of the inportant factors in your nodel (eq. 9)
See also Table 9 and text on pg. 16, par. 4.

pg. 14, eqg. 11 -
The subscript in the first |likelihood in the equation should
be i not j.

pg. 14, eq. 12 -
What is n?

pg. 14, last par. -

For the “layman reader” it might be hel pful to have Table 5

show the “clearly significant" results of adding terns to
t he nodel

pg. 15, par. 1 -
Wiile this may be true, the authors just took the reader
"deep i nto Bayesian Theory” which, for nany readers, wll

lose them i.e., this paragraph is nuch |ess understandable
than the rest of the paper. The next paragraph does hel p.
Perhaps this section could be rewitten in sinpler |anguage.

pg. 15, last par. -
Doesn’t the chi-square significance test |ook at
change in negative log likelihood, (2 x 3.86)?
Discussion -

It is appreciated that the authors note t he substanti al
weaknesses Of the study, part|cularly that: 1) the extent
of inpact of flow on survival is difficult to precisely
quantify, especially when the “correct or best” nodel cannot
be determned, and 2) the paper only identifies a

correlative, not a causitive effect of flow on survival.

twi ce the
See eq. 11i.
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RevievH{lbornetal.Therel ati onshi p between river flov and survival.

Recommendation:

1. Publish after revision. _
2., Obtain pr of essi onal editorial advi ce.

Gener=sal Comment=s

This is potentially a very important paper in the field of
hydroel ectric salmon passage. Thebaslc paper issound, however
it needs some work. I strongly recommend publication with
revislion.

The paper should stick to the original purpose of the
project which was to develop measures of survival which can be
compared to one another, and to other variables of interest.
Thi s paper cannot hope to be the “final solution” to the flow
survival question. It should be asimpledemonstration of 1)
the use of COAWI survivals, and 2) the use of downstream ¢cwr data
to control for non-hydroelectric effects. That is plenty. There
is lots nore that can be done, but |eave it to others who are
more famliar with the hydroelectric system some ideas are
given bel ow.

The Introduction is a bit too ambitious and unnecessarily
complex. It should focuson the circunstances that make this
study important to salmon recovery in the ColumbiaBasin, while
skipping the historical approach evident in the first two
par agr aphs. At theend of the introduction the reader should
know that this paper is part of a long-term, economically and
biologically critical debate over twerole of river flow in
salmon recovery. Atstake are the very existence of sal non above
Bonnevill e Dam, and hundreds of millions of dollars in electric
bills. At intellectual 1issue are the extent to which sal non
behavior depends on the historicriver f£lowv regimes, and the
magni tudes of the risks i nposed on these salmon popul ations by
the flow regimes of the impounded Columbia River system. |t 1s
to the latter area, determining the magnitude of therisks
imposedon £fall chinook salnon in the mid-Columbia by
i npoundment, that your data analysis are relevant.

The tenor of the text may be considered too colloquial by

sone. A nmore formalstylemaybeappropriate for a work of this
gravity. For exanple, the term wyvariable," could be replaced
by, “dependent variable.” ‘In amere formal paper, "out
migration" could be replaced by “emigration”.

The discussion section needs worKk. It may be a bit too

apologetic, and it lacks a one-to-one correspondence to the
nmet hods and results.

Specilific Comments, Iin order of
occurrence |nN text . Please note that editorial
comments are denocted, e0, and other substantive comrents are
denoted, O Editorial comments follow other conments.

Novenber 15,. 1993 1
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RevlievHilbornetal. The rel ationship between river flovand survival.

O-pP. 3, first para., next to last sentence, final clause, the
wor di ng is anbi guous and inaccurate. Please consider replacing
this |anguage with, “... and the sumrer chinook stocks may be of
either life history type." It 1s erroneous to inply that-a summer
chi nook population could be a m xture of ocean-type and stream-
type .

o- p. 3, second para., last sentence, a literature cite is
needed here, and it needs to be nade cl ear against what |evel of
abundance the term “increase” is applicable. 1£ by “increase”
it 1s nmeant, “return the runs to former or historical |evels of
abundance”, then substitute this clause for the termincrease.
O-p, 3, lastpara., third sentence. What 1s the relevance of
conclusion (i}to the present papex? Was Raymond’'s work
concerned withfish originating at Priest Rapids hatchery? | s
this paper based on any data concerning the survival of non-
hatchery fish? 1£ not, it is notclear what sort of parallel 1s
being drawn, or if a conclusion 1s being nade.

0 - p. 4, third paragraph, third sentence, consider being nore
specific than “physiological. condition”; how about "state of
maturation?"

0-p. 4, fourth paragraph, this paragraph and the next three
paragraphs are out of place, and the first sentence is not quite
right. The Northwest power Act was not passed to shed light on
the relation between flowandthe survivals and travel tinmes of
juvenile salnon. The fish and wildlife provisions of the
Northwest Power Act were a new mlestone in efforts to conserve
and rebuild the basin’'s damaged and declining sal non runs. These
efforts date at least to the earliest involvenent of the Bureau
of Conmercial Fisheries during the 1920's, or perhaps earlier.
Suggest the followi ng actions, 1) change the first sentence to
describe the NWA asyet another attenpt toturn thesalnon runs
away the path of destruction, 2) nove this paragraph and the next
three paragraphs (ending “... Colunbia R ver stocks. ") behind the
second paragraph on page 3, and 3) nake the |ast paragraph before
the “Methods and Results” section on page 5 the first sentence of
anewintroductory paragraph to cone before the current first
paragraph on page 3. Wiy vait until the |ast paragraph to tel
the reader what youcane to do?

O- p. 4, last paragraph; the first three conditions, (i) -
(iii) arenot exhaustive or all inclusive. Wich version of the
Fish and Wildlife Program is being referred to in this statenment?
Were these three renedies singled out in the Fish and Wldlife
Program as the three the Council could control, orwould

enphasi ze? \Wat about “Increase in upstream survival of
m grating adults?"or “Decrease inprespavning nortality for
adults holding on or near the spawning grounds?”, or "pDecreases

in fishing nortalities on subadults and adults?” Consider using
the sane construction asinthe second sentence following, "Many
management actions . . . including . . .°

o-p* 5, first line, the description of action (iii) is not

Novenber 1S, 1993 2



FROM . PhillipRMundyPhD S@3-636-6335  FHONE NO. | S@36366335 Mass. 1S 1993 11:35PM  ppyg
‘ Mundy-3

Review Hilborn et al. The rel ationship between river flov and svrvival.

accurate; increagsed flow and gpill are two differentactions.
The action of spilling water does not require increased flow, nor
are increased flows necessarily spilled. The spillway is one of
three basic routes that may be available foramigrating juvenile
to move through a dam. The other two routes take the fishinto
either the bypass system, Or through the turbine. Notall dams
have bypass, although all mainstem dams have spill and turbine
routes.

O - pae6, third and fourth paragraphs. The mean monthly flow
isnettheonly fl ow statistic that needs to be investigated, and
the month in which the fish are released may not be the onlytl me
period tO UuSe.

In addition to sanple meanmonthly flow in the nonth of
rel ease, use the sample standard deviation (1) of daily flow
during the nonth in which the fish were released, where n is the
number of days inthe nonth and the random variable, X, is the
average daily flow It may also be instructive to investigate
other time measures of flow such as hourly flow, asthe random
variable, using both the mean and standard deviationassample
statistics. Please give an explanation of how- the flows are
measured, orcite a reference.

An addi tional choice of random variable would be vol une
during some tine period, as the integral of the tine rate of
change in volune, the flow The relation between volunme and
survival may or may notbe nore instructive than the relation
between flow and survival. The inpact of a given flow |l evel on
survival may depend on pool el evati on.

The choice of tinme interval over which to neasure the
i ndependent variable may be important. The hypothesis that
survival is proportional to flow points to nechanisns such as
| ength of exposure to predation and other nortality factors
i nherent in the inpoundnents to explain the relation. Under this
hypot hesis the duration of mgration should be proportional to
flow,sincevelocity of mgration (tinme rate of change in
di stance travel ed) should be proportional to flow (tine rate of
change in vol une). Therefore, by picking a fixed time duration
over which to measure the i ndependent wvariable, information from
outside the time horizon of the event may be Inappropriately
applied to explain the event. Asa theoretical exanple, suppase
that ninety percent of the migration i S swept out of the
hydroel ectric system by high flows during the first week of May.
y then should the flows during the rest of May be a determinant
of survival, ifmortalityfactors associated with the
hydroelectric system are responsible for the observed survival s?

As an alternative to nmean nonthly flow in the nonth of
rel ease, consider the average and variance of daily flow during a
time period during which most (say ninety-five percent) of the
m grants woul d have been passing McNary Dam Such atime

Novenmber 15, 1993
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Reviev Hilbornet al. The relationship between river flov andsurvival..

interval may be estinmated as the 95% confidence interval about
the nmean of the time distribution of abundance of fall chinook in
the sanpling facility at McNary.

The probl em of obtaining measures of flows as they wvccurred
during the juvenile magration of each taggroup, F(g) (Egn. 2),
is part of the general problem of synchrony to which studies of
this nature arxe subject. 1t is inportant to employ measures of
the physical environnment that are synchronous with the mgration
of the population of 3Jjuveniles to which the survival estimates

apply.

0 - page 6, fourth paragraph. The fact that there are “high”
correlations between flows in adjacent nonths does not solve the
problem of synchrony. There needs to be a section called,
“Appropriate physical neasures and results,” where at |east as
much attention as has been paid to statistical nodel selection is
paid to the selection and use of the independent variable flowv.
O - page7, Appropriate statistics and results. The useof
Bayesian approach |s good, but this paper nmay not be the place to
make the general case for Bayestan inference. Decision theory
and hypothesis testing are not equival ent tools. Cte references
where Bayesian decision naking approach hasbeenexplained,
conpared and contrasted with hypothesis testing and let it go at
that. Focus on the relation betweenflow and survival.

0 - page 12, first full para., sixth 1ine from the top at right,
"Some naturallly] spawning . . . “; Juveniles fromthe naturally
spavningfallchinook of the Hanford Reach of the Colunbia River
bel ow the Priest Rapids that are closely related to the PR

hat chery stock have been tagged with CWT every season since 1986.
Techni cal reports are available from Matt Schwartzberg and CWT
analyses are available from Mike Matylewich (Colunbia River
Inter-Tribal Fish Comm ssion, 503-238-0667).

Sincethe Hanford ¢fall chinook are the sane kind ofchinook
as PR, it would be appropriatetoacknowledgeHanfordtagging as
t he | ongest continuous application of .cwt to neasure fisheries
contributions and snelt to adult survival in a naturally spawning
Paclfic salmon population. Also, since the distributionsof ocean
fishery recoveries.for PR and Hanford Reach ae similar,this
would validate the extension of the resultsoftheflow survival
nodel to naturally spawning fall chinook in the m d-Col unbi a.

The wuse of Priest RapidsCWT tag recoveries as proxies for
calculating the vital statistics of atleastsome of the
naturally spawning fall chinook populations of the mid-Columbia
hasd_been validated by data, as 1is not usually the case in CWT
st udi es.

The validity of hatchery cwr returns as proxies forthelr
naturally spawning counterparts figures very promnently in
supporting the assertions and concl usions reached in the first
aragraph on page 18.

- pagel3, Ceneral issues . . . . first para. last sentence.

November 15, 1993 4
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Reviev Hilborn etal.The relationship between river flovandsurvival..

Please clarify whether Bonneville and Washougal had almost no |
releases of CWI marks, or just no on-station releases during this
time period.

0 - page 18, first paragraph. See comments for page 12; above.
The validity of this assertion rests on the similarity, O | ack
thereof, of hatchery fish to naturally spawningfish. Gven the
fact that a nunber of authors, including Hilborn, Waples and
others, consider hatchery fish inferior in many respects,
including survival, to their naturally spawni ng counterparts, the
fact of simlarity between PR hatchery and the naturally spawning
fall chinook has to be established. The validity of extending
these results to other types of salnon spawning i{n other parts of
t he Col unbi a Basin bunps up against the problem of synchrony,

di scussed above.

0 - page 18, second paragraph. See comments for page 12 above.
Approach the applicability of results in terns of solving the
probl em of synchrony.

0 - page 19, first paragraph; the findings are consistent with
the hypothesis that survival of juvenile emgrants ispositively
related to flow. The hypothesis iz also consistent with known
mechanisms of nortality uring emagration.

0 - page 19, second paragraph, third sentence; please explain how
flow “undoubtedly” <could impact conditions influencing survival
in the estuary; cite a reference. Wiy would any of the
differences identified in this paragraph impactlower river and
upriver stocks differently? Poor survival of upriver stocks
relative to lower river stocks may be due to factors that are
covariates of flow, such that flow has no direct impact on
survival. |If hydroelectric stress is reduced duxr ing higher
flows, or 1 £ predation in the hydroelectric system is reduced
Adux ing higher flows, or diseases associated wvith el evated
tenperatures are inpeded during higher flows, or if migratory
delay induced residualism ig decreased during higher £flows, then
all of these nortalities would not be experienced by the |over
river stocks. On the other hand, wupriver stockswould suffer in
the estuary right along with lower river stocks, and so forth.
Frankl vy, | £ind these apologies £or comparing upriver to | ower
river stocks unnecessary.

0 - The Discussion section needs to be expanded to correspond
nore closely to the results.

e0 - p. 3  first para.,, next to last sentence, missing word,
"11fa" between "ocean-type" and "life"following"fallchinook."

e0 - p. 3, flrst para., last sentence, extra word, "out" before
“mgrate.”

e0 - p. 3, last para., second sentence, extra word, "outv before
“mgrant”; “mgrant” is the wong word, it should be "migrating.'
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Reviev Hilborn et al. The relationship between river flov and survival. .

Use of “out” is.redundant, since snelts only mgrate in one
direction, out, although smolts do not necessarily migrate, since
they may residualize.

e0 - p. 3, last’ para., third sentence, and elsewhere in the
manuscript please consider replacing the term, "outmigration,®
with, “migration,™ or with "migration to thesea", or "downriver
migration,” There are also the alternatives, “emigration” and
"emigrant." Consider replacing all occurrences of “out mi grant”
wth “emgrant.”

60 - p. 4, third paragraph, first sentence, awkward “construct lon,
colloquial language.

e0 - p. 4, last paragraph; Management action (ii); a verb 1s
needed here and there, " . juvenile salnon are collected . "

e0 - page 6, first and second 1lines; awkward construction; delete
all but, “where tagging is done to deternmine the contribution of
hatchery to fisheries and spawni ng escapements."

e0 - page 6, second paragraph, next to last line and third
paragraph, second line; The use of “we" represents a change of

person. Decide on which person the paper is going to be written
in, and stick toit. I advise against the use of pronouns inthe

first and second person, although some Jjournals f£ind this
accept abl e.

e0 - Page 9, Appropriate statistical model, 1ine before Egn. 5,
extra words, “given the” before “predicted” and m ssing word,
"model" after “probability,’ "

e0 - page 13, first 1line after eqn 10, “DM” needs to match the
formused in eqn. 10, arid the wrong word, “defiance,” tsusedlin
place of “deviance.”

e0 - p. 22, Check spelling on References; e.g.Lebretonet?dl.
reference, “unified,” see alsoPascual 1993.

e0 - End of editorial comments. Please note that tinme did not
permt conplete editing. The paper needs careful editorial
attention.

-Respectfully submitted, Phil Mundy, 503-636-6335
Not es

1. 8nedecor and Cochran (1980), Statistical Methods, Sevent h
Edition, p. 31, sect. 3.5, IowaStateUniv.Press.
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Subject: The relationship between river flow and survival
for Columbia River Chinook salmon, Hilborn et al.

GENERAL PINDINGS

The paper has the potential to make a significant contribution in the field of
hydroelectric salmon passage. However, as it stands, the paper is not suitable for circulation
or publication. The SRG recommends substantial revision.

The subject matter is especially significant and timely in that it deals with subyearling
fall chinook, an important group that has received scant attention in the past. It is innovative
in that it attempts to estimate the effects of water flow on juvenile migrant salmon survival
using coded wire tag (CWT) data, after adjusting for a control assumed to be a proxy
variable for ocean conditions.

Perhaps the most significant criticism of the manuscript involves the lack of
information on the extent to which the downstream populations are biologically comparable
to the upriver populations. Further explanation of the rationale for the selection of control
populations from downstream hatcheries needs to be made in order to validate this approach.

Another significant criticism involves alack of focus on clearly defined objectives.
The paper should hew closely to the original purpose of the research project which was to
develop measures of survival which could be statistically compared to one another, and to
other variables of interest. As a pioneering effort in measurement and analysis, this paper
cannot hope to be the “final solution” to the flow-survival question. The focus of the paper
should be a simple demonstration of 1) the potential of using CWT data to estimate survivals
“for evaluation of environmental impacts on salmon, and 2) the use of downstream CWT data
to control for non-hydroelectric effects. While the paper might be expanded to cover
hydroelectric passage problems more thoroughly, the authors would need the help of others
who are more familiar with the hydroelectric system in order to do this.

A number of the reviewers found the general tenor of the text to be colloquial A
more formal style would be more appropriate for a work of this gravity. For example, the
term, “y variable, ” should be replaced by, “dependent variable. ” In a more formal paper,
“out migration” should be replaced by “emigration”.

The Introduction is too ambitious and unnecessarily complex. It should focus on the
circumstances that make this study important to salmon recovery in the Columbia Basin,
while bypassing the historical approach evident in the first two paragraphs. At the end of the
Introduction the reader should know that the paper is part of along-term, economically and
biologically critical, debate over the role of river flow in saimon recovery, and that the focus
ison fall chinook. At stake are the very existence of salmon above Bonneville Dam, as well
as hundreds of millions of dollars in electric bills each year. At intellectual issue “are the
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extent to which salmon behavior depends on the historic river flow regimes, and the
magnitudes of the risks imposed on these salmon populations by the flow regimes of the
impounded Columbia River system. It isto the latter area, determining the magnitude of the

risks imposed on fall chinook salmon in the mid-Columbia by impoundment, that the data

analysisisrelevant.
Finally, the discussion section needs work. It is too apologetic, and it lacks a one-to-

one correspondence to the methods and results.

OUTLINE OF KEY CONCERNS

1. Specify the geographic range to which the results may apply.

2. Provide a more rigorous biological description of the populations of salmon
included in the study to which the conclusions may apply.

3. Address key historical and other references, including alternative explanations for
the data.

4. Carefully examine and document the reason for selecting the downriver control
populations that are used to correct for trends in survival in areas outside the
geographic range of the hydroelectric system.

5. Carefully evaluate the selection of the independent variable representing flow with
respect to its physical and temporal properties.

6. Focus the paper on evaluating the potential relation between flow and survivai,
lending less effort to discussion of Bayesian statistical methods and general history of

the Columbia Basin.
7. Correct misstatements

DOCUMENTATION OF KEY CONCERNS

1. Specify the geographic range to which the results may apply.

It is essentid in identifying the problem, to separate the upper Columbia from the
mid-Columbia for two reasons, the fist being that no salmon exist in the upper Columbia
(above Chief Joseph Darn), and the second being that the projects in the mid-Columbia
(below Grand Coulee Darn) are run-of-the river projects with limited storage capacity. Since
the authors relate survival to flow at McNary, it isimportant to make this distinction in the
conclusions and discussion. To increase precision with respect to location, consider changing,
“The slope of the flow-survival relationship is lower, suggesting that a 100 kcfs increase in
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flow would result in a 26% increase in suMval, . . ...” [page 17] to the more accurately
stated, “. . increase in flow at McNary would result . . . .”

2. Provide a more rigorous biological description of the populations of salmen included
in the study, and to which the conclusions may apply.

Throughout the document, the authors do not clearly state whether the paper refersto
subyearling or yearling migrants or Snake v. the mid-Columbia. For example, it isalong
time before they say that Priest Rapids is a fall chinook with subyearling migrants, yet the
focus on ocean-type chinook is one of the most unique and useful aspects of the paper.
practically all other work has concentrated on spring chinook yearling migrants. Thisis an
extremely important distinction that should be clarified in the Introduction and the Title.

The authors need to distinguish between Snake River studies and mid-Columbia
studies. For example, please clarify the relevance of conclusion (i) [p. 3, last para., third
sentence] to the present paper. The fact that Raymond’s work had to do with Snake River
yearling chinook rather than mid-Columbia subheading chinook should be clarified.

The authors are aso remiss in not contrasting the highly significant biological
differences between tule and upriver bright fail chinook stocks.

The authors need to address the issue of whether the results apply to non-hatchery
fish. Isthis paper based on any data concerning the survival of nen-hatchery fish?If not, it is
not clear what sort of parallel is being drawn, or if a conclusion is being made. Juveniles
from the naturally spawning fall chinook of the Hanford Reach of the Columbia River below
the Priest Rapids that are closely related to the PR hatchery stock have been tagged with
CWT every season since 1986. Since the distributions of ocean fishery recoveries for Priest
Rapids hatchery fish and Hanford Reach wild fish are similar, this would help to validate the
extension of the results of the flow survival model to naturally spawning fall chinook in the
mid-Columbia. The use of Priest Rapids CWT tag recoveries as proxies for the vital
statistics of at least some of the naturally spawning fall chinook populations of the mid-
Columbia has been validated by the results of the wild fish tagging studies. This is not
usually the case in CWT studies.

3. Address key historical and other references, including alternative explanations for the
data.

For example, Sims and Ossiander (National Marine Fisheries Service, Coastal Zone
and Estuarine Studies Division, Seattle); Pacific Salmon Commission Hanford Reach tagging
program (columbia river Inter-Tribal Fish Commission, Portland); Bill Norman's M.S.
Thesis; Pacific Salmon Commission technical report 90-3; Pete Lawson’s recent paper in
Fisheries, 18(8). There are models that contend that flow is a controlling variable with
respect to juvenile survival only up to flows of about 230 kcfs. These models are known as
the “broken stick model” and the “threshold” model, as further explained below.

Bill Norman, in his M.S. thesis [Factors Controlling Variation of Naturally Spawning
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Fall Chinook Salmon in the Upper Columbia River. M.S. Thesis, U.W. 1992] examined the
relationship between flow and survival for naturally spawned chinook from Vernita ear, just
below Priest Rapids Dam. He found higher survival at low flows - the opposite of this study.
It should ke clear to the audience that the authors are, indeed, aware of the Norman work.

An aternative explanation of the sample size is possible. The CWT Priest Rapids data
set does not appear to all reviewers to be as large as represented. Some of -the 23 data sets
over the eleven year period may be replicates, or pseudo-replicates, in that 12 groups
designated as individual "releases” by the authors are composed of four sets of three releases
made within the same date. These 12 tag lots might be considered four releases by some
reviewers, for atotal of 15 individual releases. The reduction in releases led to an imbalance
in the number of releases by month, leaving ten during June and only five during May.
Hence the emphasis on flow conditions in May could be misplaced.

The data may not be best explained by a single linear model. Some researchers
believe there are two stages, or parts, to the relation between flow and survival. When
described by the fit of two linear models, thisis called the “broken stick” model. The
present data set may be consistent with such a two part model. The domain of the frost part
would be 100-230 cfs, and the domain of the second would be 230-400 cfs. In the first
phase, survival is an increasing linear function of flow, and in the second the slope of the
line may not be different from zero. From the point of view of proponents of the broken
stick model, the use of the single linear representation may obscure the question of why 230
cfs seems to be a turning point in the relation between flow and juvenile migrant survival.
The authors should also examine the suitability of non-linear models that have been used for
the yearling chinook flow/survival relationship.

An additional concern is that the four survival points corresponding to flows below
200 cfs all occur during June, whereas the higher survival points corresponding to higher
flows are a mixture of May and June releases. Given the seasonal trend toward increasing
temperatures with later dates, temperature may be the mortality mechanism associated with

lower flows.

4. Carefully examine and document the reason for selecting the downriver control
populations that are used to correct for trends in ex-hydroelectric survival.

An important technical concern is the author’s use of the lower river hatcheries as
ocean controls for Priest Rapids Hatchery. To be controls, all of the groups should
experience the same conditions except for juvenile passage between Priest Rapids and
Bonneville. The authors state that their analysis of the tag groups indicates that Bonneville,
Grays River, Washougal and Cowlitz hatcheries had ocean distributions similar to Priest
Rapids Hatchery and could serve as controls.  But are the data actually consistent with this
conclusion? The groups proposed as controls are all representative of a group of fall chinook
known as tules, a distinctive race of lower Columbia River fall chinook. Tules have a
generally southerly distribution concentrated off Vancouver Island and Washington. The
Priest Rapids fail chinook, on the other hand, are known as upriver brights. Brights have an
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ocean distribution that is markedly different than that of the tules. Brights are more
northerly in their distribution, being caught mainly off northern BC and Alaska

For example, the Pacific Salmon Commission technical report 90-3, shows the
differencesin the distribution in fishing mortality between Priest Rapids and the Bonneville
and Cowlitz fall chinook (Grays River is not a PSC indicator stock and is not included). The
key concept that needs to be addressed by the authors is the split in distribution between
northern BC (N-BC) and the west coast Vancouver Island (WCVI). The latter represents the
bulk of mortality for the Bonneville tules, for example, but is relatively minor for the
brights. On the other hand, the PSC report indicates that Alaska is the biggest source of
fishing mortality for the brights, but accounts for none of the mortality on Bonneville tules.

In addition to factors associated with oceanic distribution, poor survival of upriver
stocks relative to lower river stocks may be due to factors that are covariates of flow, such
that flow has no direct impact on survival. If hydroelectric stressis reduce-d during higher
flows, or if predation in the hydroelectric system is reduced during higher flows, or diseases
associated with elevated temperatures are impeded during higher flows, or if migratory delay
induced residualism is decreased during higher flows, then al of these mortalities would not
be experienced by the lower river stocks. On the other hand, upriver stocks would suffer in
the estuary right along with lower river stocks, and so forth.

5. Carefully evaluate the selection of the independent variable representing flow with
respect to its physical and tempora properties.

The problem of obtaining measures of flows as they occurred during the juvenile
migration of each tag group, F(g) (Eqn. 2), is part of the general problem of synchrony to
which studies of this nature are subject. It isimportant to employ measures of the physical
environment that are synchronous with the migration of the population of juveniles to which
the survival estimates apply. The fact that there are *high” correlations between flows in
adjacent months. does not solve the problem of synchrony. There needs to be a section
caled, “Appropriate physical measures and results,” where at least as much attention as has
been paid to statistical model selection is paid to the selection and use of the independent .
variable, flow.

The choice of time interval over which to measure the independent variable may be
important. The hypothesis that survival is proportional te flow points to mechanisms such as
length of exposure to predation and other mortality factors inherent in the impoundments to
explain therelation. Under this hypothesis the duration of migration should be proportional
to flow, since velocity of migration (time rate of change in distance traveled) should be
proportional to flow (time rate of change in volume). Therefore, by picking a fixed time
duration over which to measure the independent variable, information from outside the
time horizon of the event may be inappropriately applied to explain the event.
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6. Focus the paper on flow survival, lending less effort to discussion of statistical
methods and general history of the Columbia Basin.

It still is not clear how a simple linear regression analysis would have led to
conclusions different from those offered by Bayesian methods.  The discussion of decision
theory [page 8, 9 and 10] may not be convincing. The question, “ . . .if we fail to reject the
null hypothesis do we act as if there is no relationship between flow and survival?’ [page 8,
paragraph 3] has a straightforward answer. The answer is, "Yes, if we have appropriately set
the alpha level to correspond to our W lingness to accept type 1 and type 2errors.” The
second question, “If we do reject the null hypothesis, how much flow do we alow?’ [page 8,
paragraph 3] has the same answer as the one provided later, “An increment of flow gives an
increment of survival.” The manager has to decide how far up the scale it is prudent to go,
depending on the goals, which in turn depend on many factors, some probably subjective.
The confidence interval shows the manager that the further away from the mean the response
gets, the less confidence can be placed in projecting performance on the next increment.

The choice of an aphalevel is not necessarily, “. .a totally arbitrary decision. ” It may
be true for some investigators, but it should not be. Any manager should make a reasoned
judgement as to an appropriate aphalevel depending on the circumstances, such as the cost

of being wrong.
7. Correct misstatements

The Northwest Power Act was not passed to shed light on the relation between flow
and the survivals and travel times of juvenile salmon(p. 4, fourth paragraph, first sentence].
The fish and wildlife provisions of the Northwest Power Act were a new milestone in efforts
to conserve and rebuild the basin’s damaged and declining salmon runs. These efforts date
at least to the earliest involvement of the Bureau of Commercia Fisheries during the 1920's,
or perhaps earlier.

The first three conditions, (i) - (ii) are not exhaustive or all inclusive [p. 4, last
paragraph], and it is not clear to which version of the Fish and Wildlife Program is being
referred to in this statement. Were these three remedies singled out in the Fish and Wildlife
Program as the three the Council could control, or would emphasize? What about “Increase
in upstream survival of migrating adults?”  or "Decrease in prespawning mortality for adults
holding on or near the spawning grounds?’, or “Decreases in fishing mortalities on subadults
and adults?’ Consider using the same construction as in the second sentence following,
“Many management actions.. . .including . ..”

The description of action (iii) [p. 5, first lin€] is not accurate; increased flow and spill
are two different actions. This point should probably be broken into two actions at the
semicolon. The action of spilling water does not require increased flow, nor are increased
flows necessarily spilled. The spillway is one of three basic routes that may be available for
amigrating juvenileto movethroughadam The ot her two routes take the fish into either
the bypass system, or through the turbine. Not all dams have bypass, although all mainstem
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dams have spill and turbine routes.
While no survival studies have been done that have evaluated flow [page 5, first

paragraph, last sentence], many travel time studies have been done. The reviewers know of
no studies that have shown siowing of emigrating juvenile salmon in the mid-Columbia

Reach.

f\w\ipp\erg\fiomlhil.prm
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Appendix B2: Responses to Peer Reviews of Hilborn et al. (1993b)

Genera comments on the initial manuscript “The relationship between river flow and survival for
Columbia River chinook salmon,” authored by R. Hilborn, R. Donnelly, M. Pascual, and C. Coro-

nado-Hemandez ( 1993 b), can be summarized into the three points below.

1) Comment - Refine purpose of the paper to investigate and develop measures of survival which
could be statistically compared to each other. (Mundy, SRG)

Response - The original draft was split into two phases. Phase | was completed and published by
the Bonneville Power Administration in November 1993. This report (Phase 11) concentrated on
the actual analysis of the CWT data, attempting three different approaches, with and without
adjustment for the probability of transportation of a portion of the releases from Priest Rapids.

2) Comment - Expand paper to a multivariate anaysis, including factors other than flow in deter-
mining the adult return component, such as temperature, turbidity and transportation. (Giorgi,
Mundy, Stevenson) Carefully evaluate the selection of the independent variable representing flow
with respect to its physical and tempora properties. (Giorgi, Mundy, Stevenson, SRG)

Response - This revised report included environmental covariates of temperature, turbidity, spill,
percent of spill of total flow, as well as flow. In addition, the total weight of chinook, coho and
steelhead salmon releases per season were included as a preliminary investigation into the effect
of total biomass on the adult survival rate. The problem ofs ynchrony is a difficult one to which a
general solution has not been found. A more representative variable was attempted by represent-
ing the environmental covariates by a linear regression characterizing the month following a
release from Priest Rapids. The intercept represents the initial condition experienced by all of the
released group and the slope is the average change from that initial condition. This initial condi-
tion is a better variable to be regressed upon, as al of the fish experience this condition, eliminat-

ing the argument that this particular variable is measuring an event outside of the qualified time
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horizon. Further analysis of the slope of the variable in future studies may elicit information as to

the validity of taking a linear regression of a month’s length.

3) Comment - Carefully examine and document the reason for selecting the downriver control
populations that are used to correct for trendsin survival in areas outside the geographic range of
the hydroelectric system. (Giorgi, Mundy, SRG, Stevenson, Williams)

Response - Acl uster analysis indicated which of the major fall chinook hatchery stocks were
most similar to the Priest Rapids Hatchery stock by ocean catch distribution. Within the five clos-
est potential reference stocks, release groups were selected for similarity to the Priest Rapid's
releases on the basis of time of release, development stage at the time of release and how the
release group had been treated while at the hatchery (e.g. production, experimental, etc.). Subse-
guent statistical analysis of these subgroups for homogeneity to the Priest Rapids hatchery stock
failed to show that any reference stock had a similar ocean catch distribution history. Five separate
analyses were completed employing each of the stock as a references. The results for each choice
were compared to ascertain the influence of reference selection. The dissimilar outcomes for the

analyses confirmed reference selection greatly affected results.
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Appendix C: Data Tables Used in Analysis

Tableof Tabl
Priest Rapids hatchery releases of fall chinook salmon for 1987. expanded recaptures grouped by state
and year 1988-1992.
Release data used in river conditions/adult survival rate analysis
River conditions used in analysis.

NMFS Data from McNary Dam transportation studies 1986-1988. used in calculation of fall samon
transportation-control ratio.

Correlation of percentage of total adult returns to vpa estimates for survival to age 2 for each hatchery
in this analysis.

Freeze-branded chinook released at Priest Rapids and sampled at McNary Dam.
Data matrix used for Hilborn et al. model (5 & 6) regressions.
Tag codes of subyearling fall chinook releases used in this analysis.
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Table Cl: Priest Rapids hatchery releases of fall chinook salmon for 1987, expanded recaptures
grouped by state and year 1988-1992. A test of homogeneity between the nine releases

is rejected: (P(x} > 266.62) = O)

Recovery Year 51915 51916 51917 51918 51919 51920 51921 51922 634128

1988
1989
1990
1991
1992

1988
1989
1990
1991
1992

1988
1989
1990
1991
1992

1988
1989
1990
1991
1992

Alaska
000 0.00 0.00 o000 0.00 0.00 0.00 0.00 0.00
000 000 000 000 000 000 000 0.00 3.07
29.20 28.11 24.47 27.74 11.60 7.88 11.60  6.09  47.66
18.03 1127 821 644 000 32 419 3N B4
0.00 000 000 000 000 0.000.00 0.00 0.00
British Columhia
0.00 0.00 1.39 139  6.96 139 0.00  0.00 0.00
18.43 6.98 9,05 15.43 3.00 0.00 0.00 0.00 9.81
5.72 26.64 6.07 34.94 7.20 13.47 20.44 16.24 59.17
6.56 26.54 32.48 1155 445  16.22 3.27 9.02 17.86
000 0.00 7.14 0.00 000 000 0.0 0.0 0.00
Washington
000 000 000 828 000 000 000 0.0 3.19
0.00 0.00 225 390 0.0027.66 000 245 342
000 000 000 0.00 000 OO0 000 000 1014
230 364 000 000 000 000 000 000 0.00
000 0.00 000 000 0.0 000 0.00 0.00 0.00
Oregon
0.00 0.00 0.00 000 000 0.0 000 0.0 0.00
000 000 0.00 0.00 000 000 000 000 1.50
000 000 000 243 000 000 000 9.00 0.00
000 000 000 367 000 000 000 0.00 0.00
0.00 0.00 0.00 0.00 0.0 000 0.00 0.0 0.00
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Table C2: Release data used in river conditions/adult survival rate analysis

“il, ;;use re‘l;;se Ffralpﬁs Gra);sp Eiver B(I;nr?;vmislle C(:/\\i;zzz Was‘tlpt;ugal T?;ZS:
vpa vpa vpa
76 182 0.0565 NA NA NA NA NA
76 182 .0.0624 NA NA NA NA NA
77 177 0.0176 0.0009 NA NA 0. 0363 0.0033
78 177 0.0102 0.0007 NA 0.0371 0.0098 NA
79 142 0.0210 0.0025 0.0609 NA NA 0.0065
79 178 0.0051 0.0025 0.0609 NA NA 0.0065
79 178 0.0052 0.0025 0.0609 NA NA 0.0065
79 178 0.0036 0.0025 0.0609 NA NA 0.0065
80 177 00115 0.0037 0.0278  0.0032 0.0077 O(UM5
81 174 0.0089 0.0068 0.0281  0.0195 0. 0062 0.0060
81 137 0.0265 0.0068 0.0281  0.0195 0. 0062 0.0060
82 166  0.0169 0.0017 0.0250  0.0034 0.0037 0.0035
82 137 0.0327 0.0017 0.0250  0.0034 0.0037 0.0035
83 143 0.0271 0.0035 0.0270  0.0084 0.0148 0.(2099
83 172 0.0450 0.0035 0.0270  0.0084 0.0148 0.0099
84 164 0.0427 NA 00370  0.0234 0.0423 0.0013
84 164  0.0503 NA 0.0370 00234 0.0423 0.0013
84 164  0.0520 NA 0.0370  0.0234 0.0423 0.0013
85 161 0.0610 0.0583 0.(M54  0.0270 0.0443 0.0878
85 161 0.0619 0.0583 0.0454  0.0270 0.0443 0.0878
86 90 00327 0.0072 NA  0.0064 0.0105 NA
86 162 0.0077 0.0072 NA  0.0064 0.0105 NA
87 12$  0.0089 NA 0.1639  0.0041 0.0029 0.01s9
87 124 00136 NA 0.1639  0.0041 0.0029 0.0189
87 124 0.0117 NA 0.1639  0.0C41 0.0029 0.0189
87 124 00158 NA 0.1639 00041 0.0029 0.0189
87 123 0.0024 NA 0.1639  0.0041 0.0029 0.0189
87 123 0.0037 NA 0.1639  0.0041 0.0029 0.0189
87 123 0.0037 NA 0.1639  0.0041 Q.0029 0.0189
&7 146 0.0053 NA 0.1639  0.0041 0.0029 0.0189
87 175 0.0081 NA 0.1639  0.0041 0.0029 0.0189
88 169  0.0018 NA 00021  0.0008 0.0046 O(NI 16
89 179 0.0029 0.0015 0.0094  0.0013 NA 0.0056
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Table C3: River conditions used in analysis.

release  release . . spill Spi.” Spi.”
year day flow.a flow.b spill.a spill.b turb.a turb.b tempta  temptb ratio r‘a/ntalf riI\I’O
76 182 23173383 -167.0772 88245.0739  -1985.8785  1.9643 00270 154424 01113 02565 00202 05542
76 182 241744.83 -167.0772 882450739  -1985.8785 1.9643 0.0270  15.4424 0.1113 0.2565 00202 0.5542
77 177 94852.96 -101.0126 O.teal 0.0000 4.6874 0.0200 195760  -0.0274 0.0003 0.0000 NA

78 177 21777143 -1380.1587 -4.9261 10.9469 27628  -0.0293 164329  0.0879 0.0007 0.0000 3.6682
79 142 265992.86  -4134.1270 45321.6749  -2214.03% 1.8461 0.0143 132581  0.0923 0.0734 00062 1.0715
79 178 143738.18 -12729338 0.0000 0.0000 2.9404 0.0221 16.9910 0.1435 0.0000 0.0000 NA

79 178 14373818  -1229338 0.0000 0.0000 2.9404 00221 169910  0.1435 00000 00000 NA

79 178 14373818  -1272.9338 0.0000 0.00130 2.9404 0.0221 169910 01435 00000 0.0000 NA

80 177 22392044 -3308.9217 3910.5911 -1%.55 17 2.4333 0.0134 161029  0.1285 0.0070 0.0004 2.8967
81 174 31004360  -3949.261 I 81483.9901 -3720.7718 2.2466 0.0156 151725 00578 0.121- 00197 11523
81 137 199947.29 9125. 8621 -21158.1281 11938.6973 2.8419  -0.0224 122565 00695 04333 00711 0.6153
82 166  430767.49  -4091.2425 2574450739  -30295293 20145  -00172 145375 00842 05766 0.0176 0.2299
82 137 382620.06 -2 9415709  193980.7882  -2769.2118 2.1010 0.0034 116737  0.0686 04567 0.0027 0.1130
83 143 390880.05  -4354.8714 211188.9163 -5592.8298 7 2264  -0.0205 142354  0.0772 0.4086 0.0138 0.2872
83 172 210016.01 -168. 9108 -1874.1379 278.2430 18131 0.0337 160351  0.0849 0.0090 0.0010 3.5904
83 164 38984261  4747.8654  20$853.9409  -$500.8210 1.5493 0.0262 135139 01305 04423 00092 0-2166
84 164 38984261 -47.97.8654  204853.9409  -$500.8210 1.5493 0.0262 135139 01305 04423 0.0092 0.2166
84 164 38984261 -4747. 8654 204853.9409  -4500.8210 15493 0.0262 135139 01305 04423 00092 02166
85 161 200024.53  -3191.9759 0.0000 0.0000  2.3894 0.0362 152535  0.1694 0.0000 0.0000 NaA

85 161 200024.53  -3191,9759 0.0000 00000 2.3894 0.0362 152535  0.1694 0.0000 0.0000 NA

86 90 2578 S8.97 -251, 5107 425100000 437.2222 1.6867 00280  7.6836 00731 01438 00073 0.5922
86 162 25865443  -6055. 4871 218583251  -1256.1193  1.9956 0.0059 154875 01300 00447 0.0038 1.3797
87 124 25814429  -3610.158: 70013.2266  -2750.3448 3.1227  -0.0099 112150  0.1040 0.1499 00144 0.8019
87 124 26814429  -3610. 1587 70013.2266  -2750.3448 31227  -O(KW9 112150  0.1040 0.1499 0.0i% 0.8019
87 124 26814429  -3610.158: 70013.2266 -2750.3448 31227  -0.0099  11.2150  0.1040 0.1499 001+ 0.8019
8 124 26814429  -3610.1587 70313.2266  -27503448 3.1227  -O(XW9 112150  0.1040 01499 00144 0.8019
87 123 261659.75  -3068.0241 63423.7685 -2258.0569 3.0756  -O)(X)53  11.06 - 01095 0.1496 0.0144 0.8014
87 123 261659.75  -3068.024 1 63423.7685 -2258.0569 3.0756  -0.0053  11.061: 01095 -0.1496 0.0144 0.8014
87 123 261659.75  -3068.0241 63423 72685  -2258.0569 3.0756  -0.0053 110617 01095 0.1496 0014 0.8014
87 146 20642638  -3572.9858 987.4877 527504 27542 00153 129293 01695 0.0017 00001 4.3385
87 175 110719.26 -327.2469 0.0000 0.0000 3.4062 0.0054 187630  0.0505 0.0000 0.0000 NA

88 169 14540574  -1611.9595 0.0000 0.0000 3.5%1  -0.0031  17.6892  0.0786 0.0000 0.0000 NA

89 179 123858.23 -995.0274 0.0000 0.0000 3.4569 0.0069 182578  0.041 0.0000 0.0000 NA
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Table C4: NMFS Datafrom McNary Dam transportation studies 1986-1988, used in calculation
of fall salmon transportation-control ratio.

control {reatment
release spawning spawning
YO paich # dams fisheries ~ hatcheries  grounds # dams fisheries  haicheries  grounds
released # recovered # recovered # recovered # recovered | released # recovered #recovered # recovered # recovered
86 1 10000 0 10 4 0 10000 3 1 2 0
86 2 10000 K 9 7 0 10000 0 3 1 0
86 3 loom 2 13 5 0 loom 0 9 5 0
86 4 10000 3 12 13 0 10WO0 6 26 15 0
86 5 10000 2 13 5 0 10000 2 34 i4 !
86 6 10000 3 10 7 0 10000 6 30 6 3
86 7 10000 3 8 l 1 100CKI 12 43 4 I
86 8 10000 0 0 1 10000 8 32 4 !
86 9 100CNI ! 8 0 0 10000 11 33 0 0
8 6 10 10W3 0 M) 0 0 100W 5 43 2 4
86 1 10000 1 8 0 1 10000 9 46 9 0
86 12 5836 3 0 0 0 4557 2 15 0 0
87 1 10000 2 4 3 0 10003 7 42 7 3
87 2 9146 3 4 0 9146 6 1 1 2
87 3 9753 1 5 1 0 9834 8 24 2 o]
87 4 100w 5 17 0 0 10001 5 21 5 0
87 5 10000 7 9 ? 1 10000 11 22 1 2
87 6 9392 K 10 2 1 9392 21 51 1 6
87 7 10000 8 5 2 10000 29 93 10 5
88 1 10002 ° 4 0 0 loom 3 2 1 0
88 2 10002 0 0 0 0 10CQ3 0 2 1 0
88 3 10002 2 1 2 0 10002 4 ! 1 0
88 4 10w2 0 1 0 0 10002 0 6 2 0
88 5 10002 0 2 0 0 10002 2 15 0 0
88 6 10000 0 3 0 ! loom 2 18 0 1
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Correlations of Total Adult Catch to VPA estimates

Table C5: Correlation of percentage of total adult returns to vpa estimates
of percent survival to age 2 for each hatchery in this analysis.

Hatchery T:::i g?d;,” grip%r(gt%h Hatche‘;j/ catch
Bonneville Brights 0.937 0.042 0.581
Cowlitz 0.984 0.658 0.937
Grays River 0.978 0.795 0.977
Priest Rapids 0.941 0.-$39 0.935
Tanner Creek 0.954 0.279 0.803
Washougal 0.990 0.754 0.955

Table C6: Freeze-branded chinook released at Priest Rapids and sampled at McNary Dam.

Brand Brood Release date N Brand Brood Release date N
RA-TI 34 6/1 2/85 1397 LA-C-2 90 6/23/91 504
LA-T-1 85 6/10/86 2028 LA-U-3 90 6/20/91 605
LA-T-4 85 6/10/86 1241 LD-U-1 90 6/14/91 552
RA-T2 86 6/'08/87 1363 LD-U-3 90 6/1 <1 490
RA-T-3 86 6/22/87 1409 RA-U-1 91 6/24/92 537
RA-R-2 7 6/18/88 425 RA-U-3 91 6/15/92 167
LA-R- 1 7 6/06/88 579 RA-U-2 91 6/1 23 470
LA-R-2 7 6/09/88 494 RD-U-1 91 62 1m 487
LA-R-4 87 6/1 2/88 $29 RD-U-3 91 6/1 8192 465
LA-T-1 88 6/12/89 666 LA-U-1 92 61 8/93 658
LA-T-2 88 6/29/89 178 LA-U-2 92 6/15/93 286
LA-T-3 88 6/'22/89 335 LA-U-3 92 6/24/93 402
LD-T-1 88 6/18/89 450 LD-U-1 92 6/21/93 329
LD-T-3 88 6/27/89 213 -D-L--3 92 6/27/93 331
RA-H-1 89 6/07/90 372 LA-H-1 93 6/20/94 243
RA-H-2 89 6/10/90 333 LA-H-2 o3 611 4/84 420

RA-UP-1 89 6/19/90 364 LD-H-1 93 6/1 6/94 220

RA-UP-3 89 6/16/90 384 LD-H-2 93 6/1 2/ 479
RD-H-1 89 6/13/%) 214 RA-H-1 93 6/1 8/94 207
LA-u- 1 90 6/26/91 578
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Table C7: Data matrix used for Hilborn et a. model (5 & 6) regressions.

Page147

relyr  marked obs.return flow spill trb tempt spill.ratio tonnage hatchery
76 132004 217915 239489.29 6143571 233 1694 026 2629033004 priest
76 152412 304978 ?30480.7%0 6143571 233 164 0.26 2629033004 pries
77 147338 123824 93489.29 000 4% 1921 0.00 2676503847 priest
78 152532 78270 19913929 142.86 237 17.62 0.00 2696194438 pries
79 48130 409.85 21018214 1543214 2.04 1450 0.07 3938009027 priest
79 17467 2959 12655357 000 324 1893 0.00 3938009027 priest
79 5316 6.33  126553.57 0.00 324 1893 0.00 3938009027 priest
79 82243 71.32 12655357 000 324 1893 0.00 3938009027 priest
80 147145 $435.09  179250.00 125714 261 17.84 0.01 4122663 209 priest
81 194649 97807 256728.57 3125357 246 1595 0.12 3791298958 priest
81 42089 466.98 323146.43 14001429 254 1319 0.43 3791298958 priest
82 262176 146812 37553571  216546.43 1.78  15.67 0.58 3826687145 priest
82 48700 45355 342917.86 1565%.43 215 12Kl 0.46 3826687145 priest
83 204141 1687.85 332089.29 13568571 195 1528 0.41 3798444366 priest
83 202388 4813077 208635.71 1882.14 227 17.18 0.01 3798444366 priest
84 74170 166887 32574643 14409286 1.90 1528 0.44 4113488611 priest
84 74392 149657 32574643 144092-86 1.9 1528 0.44 4113488611 priest
84 74170 122605 32574643 14409286 1.90 15.28 0.44 4113488611 priest
85 103665 185143  156932.86 0.00 288 1754 0.00 4054288529 priest
85 105224  2040.62 156932.86 000 288 1754 0.00 4054288529 prest
86 107461 1596.55 25449357  36607.50 206  8.67 0.14 3656581462 priest
86 203534 982.28  176905.36 7900.71 2,07 17.24 0.04 3656581462 priest
87 48975 18373 219407.14 3288357 2.9 1262 0.15 5533314176 priest
87 49769 23942 219407.14 3288357 299 1262 0.15 5533314176 priest
8? 49331 17344 21940714 3288357 299 1262 0.15 5533314176 priest
87 487% 24100 219407.14 3288357 299 1262 0.15 5533314176 priest
87 49551 62.05 22is24143 3294000 3.00 1254 0.15 5533314176 priest
87 48943 98.84 22024143 3234000 300 1234 0.15 5533314176 priest
87 49511 8122 220241.43  32940LX3 300 1254 0,15 5533314176 priest
87 48995 87.28  158191.07 27536 296 1522 0.00 5533314176 priest
87 201779 502.88 10630143 000 348 1944 0.00 5533314176 priest
88 196221 100.44  123644.29 0.00 355 1875 0. 00 5579469121 priest
89 201608 264.92 110425.36 0.00 355 1831 0.00 5884437497 priest
77 135781 127.82 216338.56 4633632 272 1565 0.16 4314068926 grays
78 143182 58.94 216338.56 4633632 272 1565 0.16 4314068926 grays
79 73872 43.72 216338.56  46336.32 272 1565 0.16 4314068926 grays
79 7635 5.98 216338.56 4633632 272 15.65 0.16 4314068926 grays
79 68115 4595 216338.56  46336.32 272 1565 0.16 4314068926 grays
79 92258 7487 21633856  46336.32 272 1565 0.16 4314068926 grays



Table C7: (continued).

relyr marked  obs.return flow spill mrb tempt spill.ratio tonnage hatchery
79 23402 69.92 216338.56 46336.32 2.72 1565 0.16 4314068926 grays
80 37456 82,08 216338.56  46336.32 272 1565 0.16 4314068926 grays
81 10180 34.41 21633856 46336.32 272 1565 0.16 4314068926 grays
81 64096 12379 21633856  46336.32 2.72 1565 0.16 4314068926 grays
82 27460 6.55 216338.56 46336.32 272 1565 0.16 4314068W6 grays
82 45361 2523 21633856  46336.32 272 15.65 0.16 4314068926 grays
83 97135 340.33 21633856  46336.32 2.72 1565 0.16 4314068926 grays
85 52090 1498.08 216338.56  46336.32 2.72 1565 0.16 4314068926 grays
85 52368 1510.03 21633856  46336.32 272 1565 0.16 4314068926 grays
86 49874 123.16 21633856  46336.32 2.72 1565 0.16 4314068926 grays
86 50635 10081 21633856  46336.32 272 1565 0.16 4314068926 gays
89 98541 32.02 216338.56  46336.32 2.72 1565 0.16 4314068926 grays
79 32745 897.03 216338-56 4633632 272 15.65 0.16 4314068926 brights
80 49334 487.91 21633856  46336.32 272 1565 0.16 4314068926 brights
80 100717 865.92 21633856  46336.32 272  15.65 0.16 43140689-6 brights
81 99632 693.05 21633856  46336.32 272 15.65 0.16 4314068926 brights
8l 102221 120648 21633856  .$6336.32 2.72 15.65 0.16 4314068926 brights
82 50553 133955 21633856  46336.32 272 1565 0.16 4314068926 brights
82 105029 467.83 21633856  46336.32 2.72  15.65 0.16 4314068926 brights
82 104966 649.45 21633856 4633632 2.72 1565 0.16 4314068W6 brights
83 49918 980.16 21633856  46336.32 272 15.65 0.16 -$314068926 brights
g3 9%7(3 16149 21633856  46336.32 2.72  15.65 0.16 43140689’ 26 brights
83 100244 997.86 21633856  46336.32 2.72 1565 0.16 4314068926 brights
83 100259 78227 21633856  .$6336.32 2.72 15.65 0.16 4314068926 brights
83 99001 147034 21633856  46336.32 2.72 1565 0.16 4314068926 brights
84 210341 1634.69 21633856  46336.32 2.72 15.65 0.16 4314068726 brights
84 102184 257224 21633856  46336.32 272 13.65 0.16 4314068926 brights
84 96448 73.75 21633856 4633632 272 15.65 0.16 4314068926 brights
84 101431 1819.16 21633856  46336.32 2.72  15.65 0.16 4314068926 brights
85 78962  2398.68 21633856 4633632 272  15.65 0.16 4314068926 brights
85 206756 1787.91 21633856  46336.32 272  15.65 0.16 4314068W6 brights
85 51960 120871 21633856  46336.32 272  15.65 0.16 4314068926 brights
87  .$7943 223389 21633856  46336.32 272 15.65 0.16 4314068926 brights”
88 53333 37.06 21633856  46336.32 272 15.65 0.16 4314068926 brights
89 51181 5425 21633856  46336.32 272 15.65 0.16 4314068926 brights
89 50424 54.43 21633856  46336.32 272 15.65 0.16 4314068926 brights
80 49742 7139 21633856 4633632 272 15.65 0.16 4314068926
80 24352 24653 21633856  46336.32 2.72 15.65 0.16 4314068926 brights
78 146001 529.30 216338.56  46336.32 272 1565 0.16 4314068926 cowlitz
80 244267 362.91 21633856  46336.32 272 1565 0.16 4314068926 cowlitz
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Table C7: (continued).

relyr marked obs.return flow spill turb tempt spill. ratio tonnage hatchery

80 70474 101.19 21633856  46336.32 2.72 1565 0.16 4314068926 cowlitz
81 20719 395.22 216338.56  46336.32 2.72 1565 0.16 4314068926 cowlitz
81 153216 866.79 216338.56  46336.32 2.72 1565 0.16 4314068926 cowlitz
81 121271 326.12 21633856  46336.32 272 1565 0.16 43140689.6 cowlitz
82 41295 23.38 216338.56  46336.32 2.72 1565 0.16 4314068926 cowlitz
82 199176 423.14 21633856  46336.32 272 1565 0.16 43140689 26 cowlitz
83 150236 480.46 21633856 46336.32 272 1565 0.16 4314068926 cowlitz
84 48946 476.53 21633856  46336.32 272 1565 0.16 4314068926 cowlitz
84 49036 62553 21633856  46336.32 272 1565 0.16 43140689-6 cowlitz
84 48829 450.95 21633856 4633632 272 1565 0.16 4314068926 cowlitz
84 49664 47722 21633856 4633632 272 1565 0.16 4314068926 cowlitz
85 48634 58231 21633856  46336.32 272 1565 0.16 4314068926 cowlitz
85 48246 549.3- 21633856 4633632 272 1565 0.16 4314068926 cowlitz
85 48382 532.35 21633856 46336.32 .72 1565 0.16 4314068926 cowlitz
85 44126 644.41 21633856  46336.32 272 1565 0.16 4314068926 cowlitz
86 197500 550.27 21633856  46336.32 272 15.65 0.16 4314068926 cowli [z
87 207003 317.53 21633856  46336.32 2.72 1565 0.16 4314068926 cowlitz
88 205308 97.10 216338.56  46336.32 272 1565 0.16 4314068926 cowlitz
89 206145 205.16 216338.56  46336.32 272 1565 0.16 4314068%26 cowlitz
77 126007  2031.49 21633856  46336.32 2.72 1565 0.16 4314068W6  washougal
78 151399 5%.64 21633856  46336.32 2.72 1565 0.16 431406826  washougal
80 314605 1154.67 21633856  -$6336.3? 272 1565 0.16 43140689776  washougal
8l 278774 605.63 21633856  46336.32 272  15.65 0.16 4314068926  washougal
82 170424 37611 216338.56  46336.32 272  15.65 0.16 4314068!Z%  washougal
83 101206 674.98 21633856  46336.32 272 15.65 0.16 4314068926  washougal
84 101594  2163.75 21633856  .$6336.3? 2.72  15.65 0.16 4314068926  washougal
84 100892 1377.31 21633856  46336,32 272 1565 0.16 -$314068926  washougal
85  5207- 70147 21633856  46336.32 272 1565 0.16 4314068926 washougal
85 52725 580.88 21633856  46336.32 172 15.65 016 4314068926 washougal
85 51408 126Q74 21633856  46336.32 272 15.65 0.16 431U)BW?6  washougal
85 26173 661.55 21633856  46336.32 271  15.65 0.16 4314068926  washougal
85 25169 592.25 21633856  46336.32 272  15.65 0.16 431406W-6 washougal
86 214371 808.00 21633836 4633632 272 1565 0.16 4314068926 washougal
87 207377 400.45 21633856  46336.32 272 1565 0.16 43140689-6

88 213935 442-54 216338.56 4633632 272 1565 0.16 4314068926 washougal
77 183202 241.36 216338.56  46336.32 272 15.65 0.16 4314068Y26 tanner
79 9657s 577.51 216338.56  46336.32 272 15.65 0.16 4314068926 lanner
79 95576 89.21 216338.56  46336.32 2.72 1565 0.16 4314068926 tanner
79 287916 877.74 216338.56 4633632 272 1565 0.16 4314068926 tanner
79 15102 5.13 216338.56 46336.32 272 1565 0.16 4314068926 tanner
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Table C7: (continued).

relyr  maked  obs.return flow spill turb tempt spill.ratio tonnage hatchery

80 50462 53.80 216338.56 46336.32 2.72 1565 0.16 4314068926 tanner
80 99 4548 21633856  46336.32 2.72 1565 0.16 4314068926 tanner
80 48052 5207 21633856  46336.32 272 [563 0.16 4314068W.6 tanner
80 30.09 216338.56 4633632 2.72 1565 0.16 4314068926 tanner
g0 121071 15591 21633856  46336.32 272 1565 0.16 4314068926 tanner
81 129%1 344.75 216338.56 4633632 272 1565 0.16 4314068926 tanner
8l 75717 20835 21633856 4633632 272 15.65 0.16 4314068W6 tanner
8l 50805 119.79 216338.56 4633632 272 1565 0.16 4314068926 tanner
81 51609 7871 21633856  46336.32 272  15.65 0.16 4314068926 tanner
81 53235 81.58 21633856 46336.32 272 1565 0.16 4314068926

81 51818 206.93 21633856 46336.32 272 1565 0.16 4314068926 tanner
81 51044 19.85 21633856 46336.32 2.72 1565 0.16 4314068926 tanner
81 50868 11982 21633856  46336.32 2.72 1565 0.16 4314068926 tanner
81 102827 44239 216338.56  46336.32 272 1565 0.16 4314068926

82 105872 3955 216338.56 46336.32 2.72  15.65 0.16 4314068926 tanner
82 96798 8740 21633856  46336.32 272 15.65 0.16 4314068926 tanner
82 51619 21.10 21633856 46336.32 272 15.65 0.16 4314068926 tanner
82 52452 760 ?16338.56 4633637 272 1565 0.16 .$314068926 tanner
82 52525 3329 21633856 46336.32 2.72 1565 0.16 4314068926 tanner
82 54106 1409 21633856  46336.32 272 1565 0.16 4314068926 tanner
82 100062 216.15 21633856  46336.32 2.72 1565 0.16 4314068%26 ann
83 37492 11959 216338.56 4633632 272 1565 0.16 4314068926 tanner
83 49999 286.83 21633856  46336.32 272 1565 0.16 4314068926 lanner
83 50779 29972 21633856  .46336.32 272 15.65 0.16 4314068926 tanner
83 52615 178.82 21633856  $5.336.32 2.-2 1565 0.16 4314068926

83 47369 15758 21633856  %336.32 272 1565 0.16 4314068926

84 80348 201Q 21633856 4633631 272 1565 0.16 4314068926 tanner
84 80046 46.42 21633856  -$6336.32 272 1565 0.16 4314068926 tanner
8 80138 69.64 21633856  .$6336.32 272 15.63 0.16 4314068926 tanner
84 81282 3826 21633856  46336.32 272 1565 0.16 4314068926 tanner
85 78367 262660 21633856 46336.32 272 1565 0.16 4314068926 tanner
85 78962 239868 21633856  46336.32 272  15.63 0.16 4314068926 tanner
87 9891 4101 21633856 46336.32 272 1565 0.16 -$314068926 tanner
87 8820 4430 21633856  46336.32 272 15.65 0.16 4314068926 tanner
87 10402 43.39 216338.56 46336.32 272 1565 0.16 4314068926 tanner
87 11176 3884 21633856 .%336 .32 272 1565 0.16 4314068926 tanner
87 15042 3640 21633856 46336.32 2.72 1565 0.16 4314068926 tanner
87 15683 104.42 21633856 4633632 272 15.65 0.16 4314068926 tanner
87 16258 87.21 21633856 4633632 272 1565 0.16 4314068926 tanner
87 15991 5353 21633856 4633632 272 1565 0.16 4314068926 tanner
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Table C7: (continued).

relyr marked  obs.retum flow spill mrb  tempt  Spill. ratio tonnage hatchery
87 15551 63.87 216338.56 46336.32 272 1565 0.16 4314068926 tanner
87 17933 80.94 21633856 46336.32 272 1565 0.16 4314068926 tanner
87 15694 95.09 216338.56 46336.32 2.72 1565 0.16 4314068926 tanner
87 16050 67.41 21633856  46336.32 2.72 1565 0.16 4314068926 tanner
87 16873 84.55 216338.56  46336.32 272 1565 0.16 431406W.6 tanner
87 16940 44.29 216338.56  46336.32 2.72  15.65 0.16 4314068926
87 17630 11471 21633856 4633632 272 1565 0.16 4314068926
87 17252 9343 21633856  46336.32 272 1565 0.16 4314068926 tanner
87 16503 68.07 21633856 4633632 272 1563 0.16 4314068926
87 18859 77.24 216338.56  46336.32 272 1565 0.16 4314068%6 tanner
87 16499 13172 21633856  46336.3'2 2.72 1565 0.16 4314068926
87 17880 130.15 21633856 4633632 272 1565 0.16 4314068926
87 19665 98.68 21633856  46336.32 272 1565 0.16 4314068926 tanner
87 17120 8248 21633856 46336.32 2.72 1565 0.16 4314068926 tanner
87 15791 6150 21633856 46336.32 2.72 1565 0.16 4314068926
87 18171 13858 21633856  46336.32 272 1565 0.16 4314068926 tanner
87 13911 10209 21633856  46336.32 2.72 1565 0.16 4314068926 tanner
87 16964 104.39 21633856  46336.32 2.72 1565 0.16 4314068926 tanner
87 15677 104.33 21633856  %336.3? .52 1565 0.16 4314068926 tanner
87 17495 157.32 21633856  46336.32 2.72 1565 0.16 4314068926 tanner
87 17389 72.02 21633856  45336.32 272 15.65 0.16 4314068926 tanner
87 17926 104.87 21633856  46336.32 2.72 1565 0.16 4314068926 tanner
87 17657 126.95 216338.56  46336.32 272  15.65 0.16 4314068926 tanner
87 17840 73.24 21633856  .$6336.32 272 1565 0.16 4314068926 tanner
g7 16328 103.89 21633856  46336.32 272 1565 0.16 4314068926 tanner
87 18454 146.44 21633856  46336.32 2.72 1565 0.16 4314068926 tanner
87 18276 122.44 21633856 46336.32 2.72 1565 0.16 4314068926 tanner
87 18226 109.86 21633856  46336.32 2.72 1565 0.16 4314068926 tanner
87 15460 61.33 216338.56  46336.32 2.72  15.65 0.16 4314068W6 tanner
87 17795 15233 21633856  46336.32 2.72 1565 0.16 4314068926
87 18385 0.00 21633856 46336.32 272 1565 0.16 4314068926 tanner
87 18202 104.16 21633856 46336.32 2.72 1565 0.16 4314068926 tanner
87 18011 126.95 21633856 %336 .32 2.72 1565 0.16 4314068926 tanner
87 18044 11435 216338.56 4633632 272 1565 0.16 4314068926 tanner
87 17822 170.56 21633856  46336.32 2.72  15.65 0.16 4314068926
87 18479 82.09 216338.56  46336.32 272 15.65 0.16 4314068W6 tamer
87 18229 14588 21633856 4633632 272 1565 0.16 4314068926 tanner
87 18546 61.20 216338.56  46336.32 272 15.65 0.16 4314068926
87 18071 87.26 216338.56 4633632 272 1565 0.16 4314068926 tanner
87 17803 133.99 21633856 46336.32 272 1565 0.16 -$314068926 tanner
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Table C7: (continued).

relyr marked obs.return flow spill turb  tempc  spill.ratio tonnage hatchery
87 18462 158.15 21633856  46336.3? 272 1565 0.16 4314068926 tanner
87 18302 11564 21633856  46336.32 272 1565 0.16 4314068926 tanner
87 17844 12613 21633856  46336.32 272 1565 0.16 4314068926 tanner
87 18087 10993 21633856  46336.32 272 1565 0.16 4314Q68926 tanner
87 18434 15326 21633856 4633632 272 1565 0.16 4314068926 tanner
87 18707 20238 21633856  46336.32 272 1565 0.16 4314068926 tanner
87 1879 17085 216338.56  46336.32 272 13.63 0.16 4314068926 lamer
87 18824 16655 216338.56  46336.32 272 1565 0.16 4314068926 tamer
87 18087 150.79 21633856 4633632 272 1565 0.16 4314068926 tanner
87 18302 12973 21633856  46336.32 272  15.65 0.16 431.4068926 tanner
87 18891 20249 21633856  46336.32 272 1563 0.16 4314068926 tanner
87 18751 139.24 21633856  46336.32 272 1565 0.16 4314068926 tanner
87 18653 112.12 21633856 4633632 2.72 1565 0.16 4314068926 tanner
87  180% 15238 21633856  .%6336.32 272  13.65 0.16 4314068926 tamer
87 1782 18823 21633856  46336.32 272 15.65 0.16 4314068926 tanner
87 18970 161.41 21633856  46336.32 272 15.65 0.16 4314068926 tanner
87 18757 175.$2 21633856  46336.32 272 15.65 0.16 4314068926 tanner
87 19008 12683 21633856 4633632 272 15.65 0.16 4314068926 tanner
g7 18261 136.92 21633856  .46336.32 272 15.65 0.16 4314068926 tanner
87 18233 17$35 21633856  46336.32 272 1565 0.16 4314068926 tanner
87 18532 13950 21633856 4633632 272 15.65 0.16 4314068926 tanner
87 18755 20161 21633856  46336.32 272 13.65 0.16 4314068926 tanner
87 18278 17650 21633856 4633632 272 15.65 0.16 4314068926 tanner
87 18063 10531 21633856 4633632 272 15.65 0.16 431406W.6 tanner
87 18229 12328 21633856 4633632 272 15.65 0.16 4314068926 tanner
87 17755 17816 21633856  46336.32 272  15.65 0.16 431406SW6 tanner
87 18676 205.07 21633856  46336.32 272 15.65 0.16 4314068!326 tanner
87 18440 21340 21633856 4633632 272 15.65 0.16 4314068926 tanner
87 18503 141.52 21633856  46336.32 272 15.65 0.16 4314068926 tanner
87 18062 179.37 21633856 4633632 272  15.65 0.16 4314068976 tanner
87 18868 14433 21633856  46336.32 272 15.65 0.16 431406W26 tanner
87 18721 211.73 21633856 4633632 272 15.65 0.16 4314068926 tanner
87 18711 17028 21633856  .$6336.3? 272 15.65 0.16 4314068926 tanner
87 18002 11837 21633856  46336.32 272  15.65 0.16 4314068926 tanner
87 17386 14175 21633856 4633632 272 15.6 0.16 43140WZ6 tanner
87 19003 18398 21633856 4633632 272  15.65 0.16 4314068926 tanner
87 18753 13455 21633856 4633632 2.72  15.65 0.16 431406SW6 tanner
87 19007 16849 21633856 4633632 272 15.65 0.16 4314068926 tanner
87 18536 145(X3 21633836  46336.32 272 15.65 0.16 4314068926 tanner
87 18112 142.35 21633556  46336.32 272 15.65 0.16 4314068926 tanner
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Table C7: (continued).

relyr marked obs.return flow spill turb tempt spill. ratio tonnage hatchery
87 18930 194.54  216338.56 46336.32 2.72 15.65 0.16 4314068926 tanner
87 18726 226.74 216338.56 4633632 272 15.65 0.16 4314068926 tanner
87 18309 182.66 21633856 4633632 272 15.63 0.16 4314068926 tanner
g7 18529 112.43 21633856  46336.32 2.72 15.65 0.16 4314068926 tanner
87 18312 110.09 216338.56 46336.32 272 15.65 0.16 4314068926 tanner
g7 18298 127.25 21633856 4633632 2.72 15.65 0.16 4314068926 tanner
87 17830 17345 21633856 4633632 2.72  15.65 0.16 4314068926 tamer
g7 18527 8423 21633856 4633632 272 15.65 0.16 4314068926 tanner
87 18083 16191 216338.56 4633632 272 15.65 0.16 4314068926 tanner
88 29480 13.04 21633856  46336.32 272 15.63 0.16 4314068926 tanner
88 20001 2134 21633856 4633632 272 15.65 0.16 4314068926 tanner
88 30040 1657 21633856 4633632 272  15.65 0.16 4314068926 tanner
88 28954 20.07 21633856 4633632 272 15.65 0.16 4314068926 tanner
88 29510 1228 21633856  46336.32 272  15.65 0.16 4314068926 tanner
88 29867 1422 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29952 7.23 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 30071 1262 216338.56  -$6336.32 2.72  13.65 0.16 43140689-6 tamer
88 29821 17.15 216338.56 4633632 272 15.65 0.16 4314068926 tanner
88 30235 9.94 21633856  46336.32 272 15.65 0.16 4314068926 tanner
8 29579 1216 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29215 2042 21633856 4633632 2.72 1565 0.16 4314068926 tanner
88 29372 12.12 21633856  46336.32 272 1565 0.16 43 14068%6 tanner
88 29634 1250 21633856  4.6336.32 272 15.65 0.16 4314068926 tanner
88 29450 1275 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29664 935 21633856 4633632 272  15.65 0.16 4314068926 tanner
88 29315 21.86 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29437 11.69 21633856 4633632 272 1565 0.16 4314068926 tanner
88 29351 12.16 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29690 16.85 216338.56  46336.32 272  15.65 0.16 4314068926 tamer
88 29845 8.36 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29521 1195 21633856  46336.32 2.72 15.65 0.16 4314068926 tanner
88 29600 18.38 21633856 4633632 272 15.65 0.16 431406SW6 tanner
88 29739 1258 21633856  46336.32 272  15.65 0.16 4314068926 tanner
88 29400 2372 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29872 11.03 21633856  46336.32 2.72 1565 0.16 4314068926 tanner
88 29517 100 21633856 4633632 272 15.65 0.16 4314068926 tanner
88 30087 17.46 21633856  46336.32 2.72  15.65 0.16 4314068926 tanner
88 29387 21.83 21633856  46336.32 272 1565 0.16 4314068926 tanner
88 30006 8.89 21633856 46336.32 272 1565 0.16 4314068926 tamer
88 29853 12.08 21633856  46336.32 272 1565 0.16 4314068926 tanner
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Table C7: (continued).

relyr  marked Obs.return flow spill trb tempt spillratio tonnage hatchery
" 88 29503 16.48 21633856  46336.32 272 1565 0.16 4314068926 tanner
88 29305 2052 21633856  46336.32 272 1563 0.16 4314068926 tanner
88 29493 28.65 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29813 415 21633856 4633632 272 15.65 0.16 4314068926 tanner
88 29794 1565 216338-56  46336.32 2.72  15.65 0.16 4314068926 tanner
88 29484 1815 21633856  46336.32 2.72  15.65 0.16 4314068926 tanner
88 29602 1433 21633856 4633632 272 15.65 0.16 4314068926 tanner
88 29477 7.60 21633856  46336.32 2.72 15.65 0.16 4314068926 tanner
88 29648 809 71633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29538 1058 21633856 4633632 272 15.65 0.16 4314068!E6 tanner
88 29909 2315 21633856  46336.3? 272 1565 0.16 4314068926 tamer
8S 30248 881 21633856 4533632 272 15.65 0.16 4314068926 tanner
88 30193 1633 21633856  46336.32 272  15.65 0.16 4314068926 tanner
88 29509 14.88 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 30249 11.36 21633856 4633632 272  15.65 0.16 4314068926 tanner
S8 29622 2266 21633856 4633637 272 15.65 0.16 4314068926 tanner
88 30886 2222 21633856  .$6336.32 272 15.65 0.16 4314068926 tanner
88 28413 3111 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29675 1421 21633856 4633632 2.7 15.65 0.16 4314068926 tanner
88 29623 14.61 21633856 4633632 272  15.65 0.16 4314068926 tanner
88 29316 3748 21633856 4633632 272  15.65 0.16 4314068926 tanner
88 29421 3820 21633856 4633632 272 15.63 0.16 4314068926 tamer
88 29335 2257 21633856 6336.32 272 15.65 0.16 4314068926 tanner
88 29694 29.3- 21633856  46336.32 272  15.65 0.16 4314068926 tanner
88 2%85 31.67 21633856  46336.32 2.72 15.65 0.16 4314068926 tanner
88 29344 2632 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29474 50.78 21633856 4633632 272  15.65 0.16 4314068926 tanner
88 29394 4541 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29638 2269 21633856 4633632 272 15.65 0.16 4314068926 tanner
89  2%59 60.61 21633856  46336.32 272  15.65 0.16 4314068926 tanner
89  2%89 7855 21633856  .$6336.32 272 15.65 0.16 4314068926 tanner
89  2%95 72.76 21633856  %336.32 272  15.65 0.16 4314068926 lanner
89 30072 9543 216338.56 4633632 272  15.65 0.16 -$314068926 tanner’
89 30026 80.79 21633856  46336.32 272 15.65 0.16 4314068926 tanner
89 30047 14508 21633856  46336.32 272  15.65 0.16 4314068926 tanner
89 29737 16.05 21633856  46336.32 272 1565 0.16 4314068926 tanner
89 29734 2256 21633856 4633632 272 15.65 0.16 43140689 26 tanner
89 29721 1038 21633856 4633632 272  15.65 0.16 4314068926 tanner
89 29391 42.21 21633856 4633632 2.72 15.65 0.16 4314068W6 tanner
89 29375 64.05 21633856  46336.32 272 15.65 0.16 4314068926 tanner
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Table C8: Tag codes of subyearling fal | chinook releases used in this anaysis.

Bonneville Brights Hatchery

071658 071660 071661 071735 071733 071734 072207 072141 072142

071417 075521 075618 075619 071460 071461

BonnevilleTannerCreek  Hatchery

072506 072507
072143 072424 072426 072545 072548 072547 072741 072826 072827 072828 073124
073125 072829 073008 073126 073323 073326 073007 073317 074129 074309 074319
074320 073318 074254 074304 074963 075030 075033 073555 075408 075409 071416

091605 071656 071659 071608 071613 071657 071842 071843 071914
072133 072134 072135 072136 072157 072138 072139 072156 072329
072343 072344 072345 072346 072358 072140 072363 072407 072408
072416 072417 072425 072546 072663 072701 072727 072728 072729
073121 073122 073123 073322 073323 232052 232053 232054 232055
232058 232059 232060 232061 232062 232063 232101 232102 232103
232106 232107 232108 232109 232110232111 232112 232113 232114
232117 232118 232119 232120 232121 232122 232123 232124 232125
232128 232129 232130 232131 232132 232133 232134 232135 232136
232139 232140 232141 232142 232143 232144 232145 232146 232147
232150 232151 232152 232153 232154 232155 232156 232157 232158
232161 232162 232163 232201 232202 232203 232204 232205 232206
232209 232210 232211 232212 232213 232214 232215 232216 232217
232220 232221 232222 232223 232224 232225 232501 232502 232504
232511 232513 232514 232516 232519 232521 232522 232525 232526
232532 232535 232537 232S38 232341 232542 232544 232547 232549
232555 232556 232559 232561 232562 232601 232602 232604 232607
232613 232614 232616 232619232621 232622 232625 232626 232628
232635 232637 232638 232641 232642 232644 232647 232649 232650
233111 233122 233135 233147 233159 233207 232802 232814 232826
074747 074749 074750 074752 074755 074756 074402 074404 (075753
075756

Cowlitz Hatchery

071736
072341
072414
072730
232056
232104
232115
232126
232137
232148
232159
232207
232218
232507
232528
232550
232608
232631
232652
232838
075754

071913
072342
072415
073120
232057
232105
232116
232127
232138
232149
232160
232208
232219
232508
232531
232552
232611
232632
232655
232850

o

631802 631942 631951 632154 632159 632137 632156 632255 632032
632603 632503 632610 632327 632328 633019 633020 633124 633125
633237 633238 633448 633449 633450 633451 634108 634126 635231
634056 634526 635015
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Table C8: Tag codes of subyearling fall chinook releases used in this anaysis.

Grays River Hatchery

130402 130807 131615 631603 631743 631646 631833 631937 631939 631859 632043
632340 632263 632458 632459 632237 633242 633243 633326 633327 633759 633760
630419 635537 635538 635541 634218 634220 635911 634227 634229 634615 634933

Washougal Hatchery

010206 631641 631803 631938 631946 632153 632251 632148 632461 632238 632239
632259 633116 633117 633118 633119 633334 633335 633407 633408 633414 633415
633416 633433 633434 633827 633828 633829 633830 633831 633832 634113 634150
635228 635904 635621 634616 635040 635043

Priest Rapids Hatchery

131101 131202 631662 631741 631821 631857 631958 632017 631948 632155 632261
632252 632456 632611 632612 632848 632859 632860 633221 633222 632330 634102
051915 051916 051917 051918 051919 051920 051921 051922 634128 635226 635249
630732 634057 634341 635010
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Appendix D: Plots of Daily River Conditions for Month
Following Priest Rapid's Hatchery Releases

Table of Figures

D1 Comparison of VPA's estimated before and after CWT database update in November 1995.
D2 Plots of daily flows for the month following Priest Rapid’s releases.

D3 Plots of daity spill for the month following Priest Rapid's releases.

D4 Plots of daily turbidity for the month following Priest Rapid’s releases.

D5 Plots of daily temperature for the month following Priest Rapid's releases.
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Figure D 1 shows how the VPA’s calculated prior to the CWT database update differ from those calcu-
lated afterwards. Most of the hatchery stock released had an estimated increase in percentage of released fish
surviving to age 2, though Priest Rapids benefited more than those reference hatcheries used in this analysis.

Figure D 1. Comparison of VPA’s estimated before and after CWT database update in November 1995.
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Plots of river conditions and the least-squares regression line used in this analysis. Twenty-eight days
after each Priest Rapid’s release was used in regression to obtain an intercept and slope characterizing that

particular set of river conditions the batch was subject to. The intercept represents initial conditions and the

slope is the rate of change of those conditions. R*values were caculated and are displayed under each plot.
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' urbidity
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Regressions lines summarize turbidity for the month.
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Appendix E: ANODEV Tables for Model (1)

Table of Tables
El base mode (I).
E2 release year+ hatcherv + one river condition at McNary Dam.
E3 release year+ hatchery + two river conditions at McNary Dam.
FA release year+ hatchery + three river conditions at McNary Dam.

E5 release year + hatchery + hatchery contribution + one river condition + flow at McNary Dam.

168
169
170
171
172



Release year + hatcheryisthebasi ¢ model for the rest of the regressions presented in this section.
Notice that these two variables explain approximately 70 percent of the variance seen in the surviva
rates.

Table El: Analysis of deviance tables for base model (1).

Source d.f Deviance Mean Dev. F p R?
Total oo, 317 556.4877 |
release  year 13 351.9525 20738 40.2389 < | gygte | 0.6325
error 304 93345351 0.6728 |

source d.f. Deviance Mean Dev. F p R?
Total 317 556.4877
hatchery 5 70,5931 191186 90658 4 61x10° 0.1269
error 312 485.8946 1.5574 |

Source d.f. Deviance Mean Dev. F P R?
Total,oy 317 556.4877
release year 13 351.9525
hatchery 5 30.1358 6.0272 103333 3.73X1049 06866
eITOMygge mods! 299 174.3993 0.5833
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Table E2: Analysis of deviance tables for release year + hatchery + one river condition at
McNary Dam. R* values are for base model+ river condition.

source d.f. Deviance Mean Dev. F P R-
Totalpgge model 299 174.3993
flow 1 11.0859 11.0859 20.2285 g .ggx10% 0.7065
en-or 298 163.3135 0.5480 |

source d.f. Deviance Mean Dev. F p R*
Totalpyee modet 299 174.3993
spill ! 10.8316 10.8316 19.7338  1.26x10°% 0.7061
error 298 163.5677 0.5489

Source d.f. Deviance Mean Dev. F P R
Totaly g model 299 174.3993
turbidity ! 12.7106 12.7106 234263 2 09x106 0.7094
error 298 161.6887 0.5426 |

source d.f. Deviance Mean Dev. F p R-
Totaly,,, mode! 299 17.$.3993
temperature (C) 1 0.0018 0.0018 0.0031 0.9s59 0.6866
- 298 174.3975 0.5852 t

source d.f. Deviance Mean Dev. F P R®
Totalp,,, model 299 174.3993 ‘
spill ratio 1 9.0525 9.0525 16.3151 0.0001 | 0.7029
error 298 165.3468 0.5549 |

source d.f Deviance Mean Dev. F p R-
Totalye,, model 299 174.3993
hatchery contribution 1 19.6183 19.6183 37.2710 2.55x10° 0.7219
- 298 15.4.7811 0.5194

Hatchery contribution is the most significant variable, but note that all except temperature have low p
values (p < 0.05).
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Table E3: Analysis of deviance tables for release year + hatchery + fwo river conditions at  McNary
Dam. The over-all model p vaue is the significance measure for both river conditions added to
the base model release year + hatchery, not al | four variables toget her.

source d.f Deviance Mean Dev. F p
Totalpgse model 299 174.3993
hatchery contribution I 19.6183
flow 1 5.4509 5.4509 10.8413 0.0Q11
error 297 149.3301 0.502s
over-al model p value 9.81x 10-11
Source d.f. Deviance Mean Dev. F p
Totaly,ge modet 299 174.3993
hatchery contribution i 19.6183
spiff 1 5.2793 5.2793 10.4878 0.0013
error 297 1.$9.5018 0.503-$
over-d model [J value 1.16x10°0
Source d.f. Deviance Mean Dev. F P
Totalygee modei 299 174.3993
hatchery contribution 1 19.61S3
turbidity 1 5.2862 5.2862 10.5071 0.0013
- ~9- 1-89.4948 0.5033
over-all model p value 1.15x10°10
source d.f. Deviance Mean Dev. F P
Totalyage mogel 299 | 74.3993
hatchery contribution 1 19.6183
temperature (C) ! 1.2037 1.203 - 23279 0.12s1
error W - 1535 --3 0.51-1
over-all model p value 6.31x10%°
source d.f. Deviance Mean Dev. F p
Totaly,y, model 299 174.3993
hatchery contribution 1 19.6183
spill ratio 1 5.0739 5.0709 10.0599 0.0017
- 297 149.7102 - 05041
over-all model p value 1.$3X100]
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Again, all added river conditions except temperature are highly significant (p < 0.05). Flow is chosen
as the next variable to include in the model, though spill, turbidity or spill ratio could as easily be consid-
ered.

Table E4: Analysis of deviance tables for release year + hatchery + three river conditions at McNary
Dam The over-all model p value is the significance measure for the three river conditions added
to the base model release year+ hatchery, not al five variables together.

source d.f. Deviance Mean Deyv. F P
Totalygge model 299 174.3993
hatchery contribution +flow 2 2S .0692
spill ! 0.1805 0.1805 ().3583 0.5499
error 296 1.49.1496 0.5039
over-al model p value -L73X10"1*
Source d.f. Deviance Mean Dev. F p
Totaly,ee model 299 17-$.3993
hatchery contribution +flow 2 25.0692
wrbidity 1 0.58-3 0.5873 1.1687 0.2806
- 296 148.-42'? 0.5025
over-all model p value 3.18x10°'0
source d.f. Deviance Mean Dev. F P
Total, model 299 174.3993
hatchery contribution +flow 2 725.0692
temperature (C) i 0.5096 0.5096 1.0135 0.3149
error 296 148.5206 0.5028
over-all model p value 3310710
source d.f. Deviance Mean Dev. l§ p
Totaly,ye madel 299 174.3993
hatchery contribution +fiow 2 25.0692
spill ratio ! 0.0321 0.0321 ‘00636 0,s011
- 296 149.298 | 0.5044
over-al model P value 5.36x10°10

No further information is gained by adding more river conditions to the regression. The best
model is log(observed returnsitoral released) = release year + hatchery + hatchery contribution

+ flow.
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One additional exercise was conducted with the following model: base model plus hatchery contribu-
tion plus one river condition plus flow. Spill, turbidity, temperature and spill ratio covariates were each
inserted into the model (Table ES). The addition of any other covariate, with the exception of tempera-
ture, prior to flow appears to make the flow covariate nonsignificant (p > 0.05) to the model. This exercise

simply confirmed that flow was highly correlated with most other river conditions.

Table ES: Analysis of deviance tables for release year + hatchery + hatchery contribution + one river
condition+ flow at McNary Darn. The over-all model p value is the significance measure for the three
river conditions added to the base model release year + hatchery, not al |l five variablestogether.

source d.f. Deviance Mean Dev. F P
Totalpgge model 299 174.3993
hatchery contribution +spill 2 24.8976
flow | 0.3522 0.3522 0.6990 0.4038
error 296 149.14% 0.5039
over-all model p value 173 xi0°i0
sour ce df. Deviance Mean Dev. F p
Totalyge mode] 299 174.3993
hatchery contribution + 2 24.9045
turbidity
flow 1 0.7520 0.7520 1.4964 0.2222
error 296 148.7429 0.5025
over-all model p value 3.18x10°10
source d.f. Deviance Mean Dev. F p
Totalpyee model 299 174.3993
hatchery contribution + 2 20.8220
temperature (C)
flow ! 4.7568 1.7568 9.4611 (.0023
error 296 148.8206 0.5028
over-all model P value 3.43x10710
Source d.f. Deviance Mean Dev. F P
Totaly,,, mode! 299 174.3993
hatchery contribution + 2 24.6892
spill ratio
flow 1 04121 0.4121 0.8170 0.3668
- 296 149.2981 0.5044
over-all model p value 5.46x10"
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F3
F4

Appendix F: ANODEYV Tablesfor Model (2)

Table of Tables
base model (2), (model ( 1). adjusted for probability of transportation).
release year + hatchery + one river condition a McNary Dam.
release vear + hatchery + two river conditions at McNary Dam.
release vear + hatchery + three river conditions at McNary Dam.
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Release year + hatchery is the basic model for the rest of the regressions presented in this section.
Notice that these two variables explain approximately 68 percent of the variance seenin the surviva

rates.

Table F1: Analysis of deviance tables for base nodel (2), adjusted for probability of
transportation.

source d.f. Deviance Mean Dev. F p R-
Total,, 31- 547.8629
release year 13 341.8419 26.2955 388011  <10x10716 0.6240
error 304 206.0209 0.6777

Source d.f. Deviance Mean Dev. F P R?
Total,o,, 31- 547.8619 |
hatchery 5 59.2985 11.8597 75737 9.90x107 | 0.1082
error 312 488.564-$ 1.5659 i

Source d.f. Deviance Mean Dev. F P R
Totalg, 317 547.8629
release year 13 341.8419 |
+ hatcheny 5 28.7870 5.7574 9.7129  131X1048 06765
€M g0 model 299 177.2339 0.5928
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Table F2: Analysis of deviance tables for release year + hatchery + one river condition a

McNary Dam.

source d.f. Deviance Mean Dev. F p R?
Totalygy, model 299 177.2339
flow ! 13.8247 13.8247 752113 ggec0Y” 0.7017
error 298 163.-$092 0.5484 |

source d.f. Deviance Mean Dev. F P R®
Totalygy, mode! 299 177.2339
spill 1 13.8252 13.8282 25.2182 8.83x1077 0.7017
error 298 163.4057 0.5483 |

Source d.f. Deviance Mean Dev. F P R:
Totalpase mode! 299 177.2339 |
turbidity 1 14.590° 145X% 267335 429410 ‘ 0.7031
error 298 162.6432 0.5458 |

Source d.f. Deviance Mean Dev. F P R2
Tomlbase mode!} 299 177.2339
temperature (C) 1 0.0149 0.0149 0.0251 0.8742 0.6765
error 298 177.2190 0.5947

Source d.f. Deviance Mean Dev. F p R-
Totalyaee mode 299 1-7.2339
spill ratio 1 11.7868 117868 212301 .05x10% 0.6980
error 208 165.4-$1 0.5552

source df Deviance Mean Dev. F P R
Totalygye model 299 1-7.2339
hatchery contribution 1 20.4462 20.4362 38.X612 1 55X1049 0.-138
error 298 156.7878 0.5261 |

Hatchery contribution is the most significant variable, but note that al except temperature have low p
values (p c< 0.05).
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Table F3: Analysis of deviance tables for release year + hatchery + two river conditions at McNary
Dam. The over-all model p value is significance measure for both river conditions added to
the base model release year + harchery, not al four variables together.

Source d.f. Deviance Mean Dev. F P
Totaly,. model 299 177.2339
hatchery contribution 1 20.4462
flow 1 7.3559 7.3559 14.6200 0.0002
error 297 149.4319 0.5031
over-al model p value 9.90x10°12
Source d.f. Deviance Mean Deyv. F P
Totalyy,, model 299 177.2339
hatchery contribution 1 20.4462
spill 1 73721 7.3721 14.6537 0.0002
error 297 149.4157 0.5031
over-al model p value 9.74x10712
source d.f. Deviance Mean Dev. F P
Totalpege model 299 177.2339
hatchery contribution \ 20.-$-$62
turbidity [ 6.4352 6..4352 127119 0.0004
error 297 150.3525 0.5062
over-all model p value 2.46x107H!
source d.f. Deviance Mean Dev. F P
Totalpy, mode! 299 177.2339
hatchery contribution 1 20.4462
temperature (C) 1 1.6662 1.6662 3.1902 0.0:51
- 297 155.1215 0.5223
over-al model p value 254x10°%
Source d.f. Deviance Mean Dev. F P
Totalp,ge mogei 299 177.2339
hatchery contribution 1 20.4462
spill ratio 1 7.1100 7.1100 1-$.1081 0.0002
error 297 149.6777 0.5040
over-al model p vatue 1.26x10"
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Again, al added river conditions except temperature are highly significant (p < 0.05). Spill is chosen
as the next variable to include in the model, though flow, turbidity or spill ratio could as easily be consid-
ered.

Table F4: Analysis of deviance tables for release vear + hatchery + three river conditions at McNary
Dam. The over-all model p value is significance measure for the three river conditions added
to the base model release year + hatchery, not all five variables together.

source d.f. Deviance Mean Dev. F p
Totalpage model 299 177.2339
hatchery contribution 2 27.8182
+spill
flow ! 0.3478 0.3478 0.6907 0.4066
error 296 149.0679 0.5036
over-all model D value $.19xi0°!
source d.f. Deviance Mean Dev. F p
Totalpgee moge! 299 177.2339
hatchery contribution 2 27.8182
+spill
turbidity 1 1.3003 1.3003 2.5986 0.1080
error 296 148.1154 0.5004
over-all model p value 1.65x10° 1!
source d.f. Deviance Mean Dev. F P
Totaly, g, modet 299 1--.2339
hatchery contribution 2 27.8182
+spill
temperature (C) 1 0.0081 0.0081 0.0160 08903
error 296 14940-6 0.5048
over-all model p value 5 4x10 !}

No further information is gained by adding more river conditions to the regression.
The best nodel is logfobserved returnsitotal released) = release vear + harchery + haich -
ery contribution + spill.
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Appendix G: ANODEV Tablesfor Moddl (3)

Table of Tables
Grays River reference, using single river conditions and unadjusted observed counts.
Grays River reference using two river conditions and unadjusted observed counts.
Bonneville Brights reference using single river conditions and unadjusted observed counts.
Bonneville Brights reference using two river conditions and unadjusted observed counts.
Bonneville Brights reference using three river conditions and unadjusted observed counts.
Cowlitz reference using single river conditions and unadjusted observed counts.
Cowlitz reference using two river conditions and unadjusted observed counts.
Washougal reference using single river conditions and unadjusted observed counts.
Washougal reference using two river conditions and unadjusted observed counts.
Washougal reference using three river conditions and unadjusted observed counts.
Tanner Creek reference using single river conditions and unadjusted observed counts.
Tanner Creek reference using two river conditions and unadjusted observed counts.
Tanner Creek reference using three river conditions and unadjusted observed counts.
Tanner Geek reference using four river conditions and unadjusted observed counts.
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Table G 1: Analysis of deviance tables for Grays River references, using single river
conditions at McNary Dam and observed counts, unadjusted for the probability of
transportation.

Source df Deviance Mean Dev. F p R?
Totalg, 7 18.7713
ow.a + flow.b? 2 4.8690 2.4345 2.6267 0.1052 0.2694
error 15 13.9023 0.9268 |

Source d.f. Deviance Mean Dev. F P R®
Total,, 17 187713
spill.a + spill.b 2 "4.0949 2.0474 2.0926 0.1579 0.2181
error 15 14.6765 0.9784 |

Source d.f. Deviance Mean Dev. F p R?
Total gy, 1" 18.7713
turb.a + trb.b K 4.7406 2.3703 25341 0.1127 02525

15 14.0307 0.9354

source df. Deviance Mean Dev. F p R?
Totalegy i~ 18.713
tempt.a+ tempe.b , 10.258" 5.1293 9.0383 0.0027 0.5465
- 15 8.512- 0.5675

source d.f. Deviance Mean Dev. F p R:
Totalgor 17 187713
spill ratio | 4.1407 4.140: 4.5283 0.0492 0.2206
error 16 1.$.6306 0.9144

source df. Deviance Mean Dev. F P R*
Totalgo 17 18.7713
hatchery contribution 1 1.5229 1.5229 l.-r12- 0.2520 0.0811

16 17.2484 1.078

a.“a" ending indicates the intercept, “b” indicates the slope of the linear regression for that variable
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Table G2: Andysis of deviance tables for Grays River references using two river conditions
at McNary Darn and observed counts, unadjusted for the probability of transportation.

Source d.f. Deviance Mean Dev. F p
Totalyg, 17 18.7713
tempt.a + tempt.b 2 10.2587
spill.a + spill.b 2 0.7294 0. 3647 0.6092 0. 5586
- 13 7.7832 0.3987
over-all model p value 0.0157
Source d.f. Deviance Mean Dev. F P
Total g 17 18.7713
tempt.a + tempt.b 2 10.2587
turb.a + turb.b 2 1.9323 0.9662 1.9087 ().1876
error 13 6.550-! 0.5062
over-al model P value 0.0057
Source d.r. Deviance Mean Dev. F p
Total 7 18.7713
tempt.a + tempe.b 2 10.2587
flow.a + flow.b ” 1.1087 0.5544 0.9733 0..5037
error 13 74040 0.5695
over-all model p vaiue 0.0117
Source d.r. Deviance Mean Dev. F P
Total, . 17 18.7713
tempt.a + tempt.b : 10.2587
spill ratio 1 0.5474 0.5474 0.9620 0.3433
- 14 -.9653 0.5690
over-all model p value 0.0062
source df. Deviance Mean Dev. 'F p
Total g, 17 18.7713
tempt.a + tempt.b 2 10.2587
hatchery contribution 1 1.0636 1.0636 1.9989 0.1793
- 14 7.4491 0.5321
over-al model p value 0.0039
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Table G3: Analysis of deviance table for Bonneville Brights references using single river
conditions at McNary Darn and observed counts, unadjusted for the probability of
transportation.

source d.f. Deviance Mean Dev. F p R
Total o 26 61.5207
flow.a + flow.b 2 145308 7.2654 3.7108 0.0394 0.2362
error 2% 46.9899 1.9579 \

source d.f. Deviance Mean Dev. F P R
Total 26 61.5207
spill.a + spill.b 2 14.4427 7.2214 3.6814 0.(7403 0.2348
error 24 47.0780 1.%16

source d.f. Deviance Mean Dev. F p R
Total,, 26 61.5207
turb.a + turb.b 2 28.0382 14.0101 10.0488 0. OX)- ().4558
error 24 33,4825 1.3951

source d.f. Deviance Mean Dev. F P R:
Total g, 26 61.5207
tempc.a + tempt.b 2 31(333 1.5802 0.6498 (5311 | 0.0514
- 24 58.36(M 2.431- (

source d.f. Deviance Mean Dev. F P R-
Totalgg,, 26 61.520
spill ratio 1 11.226° 11.226- 5.5806 ().0263 0.1825
error 25 50.2940 2.0118

source af Deviance Mean Dev. ‘F P R
Totalgg, 26 61.5207
hatchery contribution 1 19.3527 19.3527 11.4736 (.(x)22 (.3146
- 25 42.1679 1.6867
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Table G4: Analysis of deviance table for Bonneville Brights references using two river
conditions at McNary Dam and observed counts, unadjusted for the probability of

transportation.

Source d.f. Deviance Mean Dev. F p
Total oy 26 61.5207
turb.a + turb.b 2 28.0382
flow.a + flow.b 2 44772 2.2386 1.6979 0.2062
error 22 ?9.0053 1.3184
over-al model p value 0.0017
Source d.f. Deviance Mean Dev. F P
Total,o,, 26 61.5207
turb.a + turb.b 2 28.0382
spill.a + spill.b 2 4.8463 24232 1.8616 0.1771
error 22 28.6362 1.3016
over-all model p value 0.0015
source d.f. Deviance Mean Dev. F P
Total,y,, 26 61.5207
turb.a + turb.b 2 28.0382
tempt.a + tempt.b 2 8.699 4..3495 3.861 0.0365
- 22 24.7835 1.1263
over-all model p value 0.0003
source d.f. Deviance Mean Dev. F p
Total o, 26 61.5207
turb.a + turb.b 2 25.0382
spill ratio 1 0. 4635 0.4635 0.3229 0.5754
- 23 33.0190 1.4356
over-all model p value 0.0022
source d.f. Deviance Mean Dev. F P
Total,,, 26 61.5207
turb.a + turb.b 2 28.0382
hatchery contribution 1 0.5881 0.585 1 04112 (),5T-
- 23 328944 1.4302
over-all model p value 0.0021
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Table G5: Analysis of deviance tables for Bonneville Brights references using three river
conditions at McNary Darn and observed counts, unadjusted for the probability of

transportation.

Source d.f. Deviance Mean Dev. F p
Totalgor 26 61.5207
turb.a+ mrbb + 4 36.7372
tempt.a+ tempe.b
spill.a + spill.b 2 3.5370 1.7685 1.6648 0.2144
error 20 21.2465 1.0623
over-all model p value 0.01X)8
Source d.f. Deviance Mean Dew. F p
Total o 26 61.5207
turb.a + turb.b + 4 36.7372
tempt.a + tempe.b
flow.a + flow.b K 3.0134 1.5067 1.3842 0.2735
error 20 21.7701 1.0885
over-all model p value 0.0009
source d.f. Deviance Mean Dev. F P
Total 26 61.5207
turb.a + turb.b + 4 36.7372
tempe.a + tempt.b
spill ratio 1 0.6784 0.6784 0.5910 0.4506
error 21 24.1051 1.1479
over-all model p value 0.0008
source d.f. Deviance Mean Dev. F P
Totalgo 2% 61.5207
wrba + wrbb+ 4 36.7372
tempt.a + tempc.b
hatchery contribution 1 0.0150 0.0150 0.0127 0.9112
- 21 24.7685 1.1795
over-all model p value 0.0011
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Table G6: Analysis of deviance tables for Cowlitz references using single river conditions
at McNary Dam and observed counts, unadjusted for the probability of transportation.

source d.f. Deviance Mean Dev. F p R?
Total,o 25 7.9715
flow.a + flow.b 2 0.9834 0.4917 1.6183 0.2200 0.1234
error 23 6.9881 0.303 s

Source d.f. Deviance Mean Dev. F P R
Totalgy 25 7.9715
spill.a + spill.b 2 0.4.973 0.2486 0.7651 0.4768 0.0624
error 23 74742 0.3280

Source d.f. Deviance Mean Dev. F p Rr?
Total,, 25 7.9715
turb.a + turb.b : 1.4764 0.7382 2.6142 0.0948 0.1852
error 23 6..$951 0.2824 \

Source df. Deviance Mean Dev. F p R
Total g, 25 7.9715 |
tempt.a + tempe.b 2 0.6414 0.3207 1.0063 0.3811 0.0805
error 23 1.330 | 0.3187 |

Source d.f. Deviance Mean Dev. F P R
Totaleopr 2 79715
spill ratio 1 0.4387 0.4387 1.39-- 0.2487 0.0550
error 24 7.5328 0.3139 |

source d.f. Deviance Mean Dev. F P R
Total,,, 25 7.9715
hatchery contribution 1 0.8586 0.8586 2.8972 01017 | 01077
error 24 7.1129 0.2964 |
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Table G7: Analysis of deviance tables for Cowlitz references using two river conditions at
McNary Dam and observed counts, unadjusted for the probability of transportation.

source df. Deviance Mean Dev. F P
Total g 25 7.9715
wrb.a + turb.b 2 1.4764
fiowa t+ flowb 2 0. 3404 0.1702 0.5808 0. 5682
error 21 6.1546 0.~931
over-all model p value 0.2244
Source d.f. Deviance Mean Dev. F P
Totalorr 25 79715
turb.a + turb.b 2 1.4764
spill.a + spill.b 2 0.1282 0.0641 0,Q115 0.8111
- 21 6.3668 0.3032
over-al model p vaue 0.2940
Source d.f. Deviance Mean Dev. F P
Total g, 25 79715
turb.a + turb.b ? 14764
tempc.a + tempt.b - 0.8015 0-lore 14780 0.2509
- 21 5.6936 0.2:11
over-all model p vaiue 0.1168
source d.f. Deviance Mean Dev. F p
Total o % 79715
turb.a + wrb.b 2 14:6-1
spill ratio 1 0.0275 0.0275 0.0936 0.7625
- 22 6.4675 0. 2940
over-all model p value 0.1951
source d.f. Deviance Mean Dev. F p
Totaleoy 25 79715
turb.a + turb.b 2 1.4764
hatchery contribution 1 0.0048 0.0048 0.0162 0.9000
error pad 6.4903 0.2950
over-al model p value 0.2017
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Table G8: Analysis of deviance tables for Washougal references using single river
conditions at McNary Dam and observed counts, unadjusted for the probability of
transportation.

Source d.f. Deviance Mean Dev. F p R2
Totaloy %5 11,823
flow.a + flow.b 2 4.3688 2.1844 6.7395 0.0050 0.3695
- 23 74547 0.3241

source d.f. Deviance Mean Dev. F P R
Total o 25 11,8235
spill.a + spill.b ° 22744 1.1372 2.7391 0.0857 0.19724
error 23 9.5491 0.4152 |

Source d.f. Deviance Mean Dev. F P R:
Total,,,, 25 11.8235
turb.a + turb.b : 29972 1.4986 3.9351 0.0347 0.2535
error 23 8.5263 0.3838

source d.f. Deviance Mean Dev. F P R-
Total,, 25 11.8235
tempt.a + tempt.b K 2.9096 1.3548 3.7538 0.0388 0.2461
- 23 8.9139 0.3876

source d.f. Deviance Mean Dex. F P R”
Total 25 11.8235
spill ratio i 14511 1.4511 3.3577 0.0793 0.[227
- 24 10.3724 0.4322

source d.f. Deviance Mean Dev. ‘F p R®
Total.q 25 11.8235
hatchery contribution i 0.5375 0.5375 1.143 0.2957 0.0455
error 24 11.2860 0.4702
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Table G9: Analysis of deviance tables for Washougal references using two river conditions
at McNary Darn and observed counts, unadjusted for the probability of transportation.

Source d.f. Deviance Mesr Dev. F p
Total,gr 2s 11.8235
flow.a + flow.b 2 %36S8
spill.a + spillb 2 1.8299 0.9150 3..4159 0.0520
error 21 5.6248 0.26'78
over-ail model p value 0.0027
source d.f. Deviance Mean Dev. F P
Total,,,, 25 11.8235
flow.a + flow.b 2 4.36S8
wrb.a + turb.b 2 0.8518 0.4259 1.3546 0.2797
error 21 6.6029 0.31.$%4
over-d model p value 0.0124
source d.f. Deviance Mean Dev. F p
Total,,, 25 11.8235
flow.a + flowb 2 4.3688
lempe.a + tempe.b 2 0.6919 0.3460 1.0742 0,3596
- 21 6.7628 0.3220
over-d model J value 0.0156
source d.f. Deviance Mean Dev. F p
Total ., 25 11.8235
flow.a + flow.b 2 4.3688
spill ratio 1 1.9776 1.9776 7.9437 0.0100
error 22 54771 0.2490
over-all model P value 0.0006
source a.f. Deviance Mean Dev. F P
Total 25 11.8235
flow.a + flow.b 2 4.3688
hatchery contribution 1 0.0167 0.0167 0.0495 0.8260
- 22 7.4380 0.3381
over-all model P value 0.0153
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Table G10: Analysis of deviance tables for Washougal references using three river
conditions at McNary Dam and observed counts, unadjusted for the probability of
transportation.

source d.f. Deviance Mean Dev. F p
Totalq,, 25 11.8235
flow.a + flowb + 3 6.3464
spill ratio
turb.a + turb.b 2 0.0164 0.0082 0.0300 0.9705
en-or 20 5.4607 0.2730
over-ail model p value 0.0055
Source d.f. Deviance Mean Dev. F p
Totalyy,, % 11.8235
flow.a + flow.b + 3 6.3464
spill ratio
tempc.a + tempt. b 2 0.3177 0.1588 0.6158 0.5501
- 20 5.1593 0.2580
over-all model p value 0.0033
source d.f. Deviance Mean Dev. F P
Total 25 11.8235
flow.a + flow.b + 3 6.3464
spill ratio
hatchery contribution 1 0.0128 0.0128 0.0492 0.8266
error 21 54643 0.2602
over-al model p value 0.0020
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Table G11: Analysis of deviance tables for Tanner Creek references using single river
conditions at McNary Darn and observed counts, unadjusted for the probability of
transportation.

source d.f. Deviance Mean Dev. F p R?
Totalyg, 27 68.6817
flow.a + flow.b 2 24.4271 12.2136 6.8996 0.0341 0.3557
error 25 $4.2546 1.7702 |

source d.f. Deviance Mean Dev. F P R:
Total, . 27 68.6817
spill.a + spill.b 2 27.8558 13.92-9 8.5288 0.0015 0.4356
error 25 40.8259 1,6330

Source d.f. Deviance Mean Dev. F p R’
Total 27 68.681:
turb.a + turb.b 2 23, 11..888 6.5342 0.0052 0.3433
error 25 451081 1.8042 |

source d.f. Deviance Mean Dev. F P R
Total, oy 2 68.6817
tempt.a + tempe. b 2 1.7408 0.8704 0.3251 0.-255 0.0253
- 25 66.9409 26776

source d.f. Deviance Mean Dev. F P R
Total bel 68,681 -
spill ratio 1 25.8368 25.8368 15.6788 0.0005 ‘ 0.3762
- 26 42.8449 16479 |

source d.f. Deviance Mean Dev. F p R
Total, o 68.681 -
hatchery contribution i 23.7957 21795- 13.835 0.0010 0.3465
- 26 44.8860 1.7264
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Table G12: Analysis of deviance tables for Tanner Creek references using two river
conditions at McNary Dam and observed counts, unadjusted for the probability of
transportation.

Source d.f. Deviance Mean Dev. F 2}
Total o 27 68.6817
spill ratio 1 25.8368
flow.a + flow.b 2 0.0995 0.0498 0.0279 0.9725
error 2% 42.7454 1.7811
over-all model p value 0.0089
Source d.f. Deviance Mean Dev. F P
Total o, 27 68.6817
spill ratio ! 25.8368
turb.a + turb.b 2 18.7305 9.3652 9.3208 0.0010
error 24 24.1144 1.0048
over-al model p value 1.16x10%
Source d.f. Deviance Meao Dev. F p
Totaleor = 68.681:
spill ratio 1 25.8368
tempt.a + tempt. b : 10.3112 5.1556 3.8033 0.0367
error 24 32.5336 1.3556
over-a model p value 0.0004
Source d.f. Deviance Mean Dev. F P
Total o, - 68.6817
spill ratio ! 25.8368
hatchery contribution | 14.5298 1.$.5298 12.8287 0.0014
errs 25 283151 11326
over-all model p value 1.55X1045

Page 190



Table G13: Analysis of deviance tables for Tanner Creek references using three river
counts, unadjusted for the probability of

conditions at McNary Dam and observed

transportation.

source d.f. Deviance Mean Dev. F p
Total g, 27 68.6817
spill ratio + 3 44.5673
turb.a + turb.b
flow.a + flow.b 2 1.4559 0.7280 0.7068 0.5041
error 22 22.6585 1.0299
over-all model p vaiue 00301
source d.f. Deviance Mean Dev. F P
Totalgg, 27 68.6817
spill ratio + 3 445673
turb.a + turb.b
tempt.a + tempe.b 2 8.5874 4.2937 6.0837 0.0070
- 22 155270 0.7058
over-all model p value 1.79x10™%
Source df. Deviance Mean Dev. F P
Total,, 27 68.681:
spill ratio + 3 44.5673
turb.a + mrb.b
hatchery contribution 1 2.5-$82 25482 2.-1-6 01128
error 23 21.5663 0.93--
over-all model p value 146110')5
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Table G 14: Analysis of deviance tables for Tanner Creek references using four river
conditions at McNary Dam and observed
transportation.

counts, unadjusted for the probability of

Source d.f. Deviance Mean Dev. F p
Total gy 27 68.6817
spill ratio+ 5 53.1547
turb.a + turb.b +
tempt.a + tempt. b
flow.a + flow.b 2 0.6839 0.3419 0.4608 0.6373
- 20 14.8431 0.7422
over-ail model p value 1.83x10*
Source d.f. Deviance Mean Dev. F P
Totalgry 27 68.6817
spill ratio + 5 53.1547
turb.a + turb.b +
tempc.a + tempe.b
hatchery contribution 1 0.4875 0..$875 0.6807 0.4186
error 21 15.0395 0.7162
over-all model p value 5.46x 10
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HI
H2
H3
H4
H5
Hé
Hi
HB
H9
H10
Hi1
HI2
H13
H14

Appendix H: ANODEV Tables for Model (4)

Table of Tables
Grays River reference. using single river conditions and adjusted observed counts.

Grays River reference using two river conditions and adjusted observed counts.

Bonneville Brights reference using single river conditions and adjusted observed counts.

Bonneville Brights reference using two river conditions and adjusted observed counts..
Bonneville Brights reference using three river conditions and adjusted observed counts.
Cowlitz reference using single river conditions and adjusted observed counts.

Cowlitz reference using two river conditions and adjusted observed counts.

Washougal reference using single river conditions and adjusted observed counts.
Washougal reference using two river conditions and adjusted observed counts.
Washougal reference using three river conditions and adjusted observed counts.

Tanner Creek reference using single river conditions and adjusted observed counts.
Tanner Creek reference using two river conditions and adjusted observed counts.
Tanner Creek reference using three river conditions and adjusted observed counts.

Tanner Creek reference using all four river conditions and adjusted observed counts.
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Table HI: Analysis of deviance tables for Grays River references, using single river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

~

source d.f. Deviance Mean Dev. F p R*
Total g, 17 20.4555 |
flow.a + flow.b 2 6.5468 3.2734 3.5303 0.0554 0.3201
error 15 13.9087 0.9272 |

source df. Deviance Mean Dev. F p R2
Total,orr 17 20.4555
spill.a + spill.b 2 5.7999 2.9000 2.9681 0.0820 0.2835
error 15 14.6557 0.9770 |

Source d.f. Deviance Mean Dev. F p R?
Totalgorr s 20.4555
turb.a + turb.b 2 5.9286 2.9643 3.0608 0.0768 0.2898
error 15 145269 0.%85 \

Source d.f. Deviants Mean Dev. F P R*
Total 1- 20.4555
tempt.a + tempt.b 2 11.31% 5.6598 9.2926 0.0024 0.5534
- 15 9.1359 0.6091 |

source d.f. Deviance Mean Dev. F p R-
Totaleorr 17 20.4555
spill ratio ! 5.8557 5.8557 6.41:3 0.0221 0.2863
error 16 145998 0.9125

source d.f. De. iance Mean Dev. F p R:
Total 17 20.4555
hatchery contribution 1 1.5692 1.5692 1.3294 0.2659 0.0767
m 16 18.8864 1.1804
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TableH2: Analysis of deviance tables for Grays River references using two river conditions

at McNary Dam and observed counts, adjusted for probability of transportation.

source d.f. Deviance Mean Dev. F p
Total o, 17 20.4555
tempt.a + tempt.b 2 11.3196
spill.a + spill.b 2 1.3667 0.6834 1.1435 0.3488
error 13 7.7692 0.5976
over-all model p vaue 0.0093
soul-(x d.f. Deviance Mean Dev. F p
Totalgorr 17 20.4555
tempt.a + tempt.b 2 11.31%
turb.a + turb.b 2 24364 1.2182 2.3638 0.1332
error 13 6.6996 0.5154
over-al model p value 0.0038
source d.f Deviance Mean Dev. F p
Totalyon 17 204555
tempt.a + tempt.b 2 11.31%
flow.a + flow.b 2 1.7646 0.8823 1.5561 0.2478
error 13 7.3713 0..5670
over-all model p vaue 0,0068
source d.f. Deviance Mean Dex F P
Total, o,y 17 20.4555
tempt.a + tempt.b 2 1131%
spill ratio | 1.1360 1.1364) 1.9881 0.1 no
error 14 7.9999 0.5-14
over-all model p value 0.(X)36
source d.f. Deviance Mean Dev. F P
Totalgg,, 17 20.4555
tempt.a + tempt.b 2 11.31%
hatchery contribution 1 1.0692 1.0692 1.8556 0.194-
- 14 8.0658 0.5762
over-all model p vaue 0.0038
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TableH3: Analysis of deviance table for B onneville Brights references using single river
conditions at McNary Darn and observed counts, adjusted for probability of transportation.

-

source d.f. Deviance Mean Dev. F 2} R-
Total__ 26 64.8502
flow.a + flow.b 2 17.9034 8.9517 45763 0.0207 0,~761
error 24 46.9468 1.9561

source d.t. Deviance Mean Dev. F p R-
Total,,,. 26 64.8502
spill.a + spill.b 2 18.0002 9.000 1 4.6105 0.0202 0.2776
error 24 46.8500 1.9521

source d.f. Deviance Mean Deyv. F p R°
Total g, 26 64.8502
turb.a + turb.b 2 30.7665 15.3832 10.8321 0.0004 04744
error 4 34.0837 1.4202

Source d.f. Deviance Mean Dev. F P R°
Total 26 6$.8502
tempt.a + tempt.b 2 2.9189 1.4594 0.5656 0.5754 0.0450
error 2 61.9313 2.5805

Source d.f. Deviance Mean Dev. F p R-
Totaleg, 26 64.5502
spill ratio 1 14.3855 14.3855 7.1265 0.0132 0.2218
erro? 25 50.4647 2.0186

source d.f. Deviance Mean Dev. F p R
Total,g,, 26 64.8502
hatchery contribution L 20.s245 20.8245 11.s252 0.0321 0.3211
- 2s 44.0257 1.7610
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TableH4: Analysis of deviance table for Bonneville Brights references using two river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

source d.f. Deviance Mean Dev. F p
Total o 26 64.8502
wrb.a + urb.b 2 30.7665
flow.a + flow.b 2 4.9386 2.4693 1.8640 0.1787
error 22 29.1451] 1.3248
over-al model p value 0.0011
source d.f. Deviance Mean Dev. F p
Total o 26 64.8502
turb.a + turb.b 2 30.7665
spill.a + spill.b 2 5.5405 27702 2.1352 0.1421
error 2 28.5432 12974
over-all model p value 0.001)9
source df. Deviance Mean Dev. F o]
Total o 26 64.8502
turb.a + turb.b 2 30.7665
tempc.a + tempt.b 2 8.7382 4.3691 3.7924 0.0384
error 22 25.3455 11521
over-al model p value 0.0003
Source d.f Deviance Mean Dev. F P
Total 26 64.8502
turb.a + turb.b 2 30.7665
spill ratio ! 0.8375 0.837S 0.5794 0.4543
- 23 33.2462 1.4455
over-al model p value 0.0013
source d.f. Deviance Mean Dev. F p
Total g, 26 64.8502
turb.a + turb.b 2 30.7665
hatchery contribution 1 0.6296 0.6296 0.4329 05171
- 23 33.4541 14555
over-all model p value 0.0014
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Tablel-U: Analysis of deviance tables for Bonneville Brights references using three river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

Source d.f. Deviance Mean Dev. F P
Total g 26 64.8502
turb.a + turb.b + 4 39.5047
tempt.a + tempt.b
spill.a + spill.b 2 4.1104 2.0552 1.9356 0.1704
error 20 21.2351 1.0618
over-al model p value 0.0005
Source d.f. Deviance Mean Dev. F P
Total,r 26 64.5502
turb.a + turb.b + 4 39.5047
tempt.a + tempt.b
flow.a + flow.b 2 3.7038 1.8519 17114 0.2060
error 20 21.6417 1.0821
over-al model P value 0.0005
Source d.f. Deviance Mean Dev. F P
Totaleo,r 26 64.5502
turb.a + turb.b + 4 39.5047
tempt.a + tempc.b
spill ratio 1 1.1208 1.1208 0.9716 0.3355
error 21 24.2247 1.1536
over-al model p value 0.0005
source d.f. Deviance Mean Dev. F P
Total o, 26 64.8502
turb.a + turb.b + 4 39.5(M7
tempc.a + tempe.b
hatchery contribution 1 0.0169 0.0169 .0.0140 0.9069
error 21 25.3286 1.2061
over-al model p value 0/0008
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TableH6: Analysis of deviance tables for Cowlitz references using single river conditions at
McNary Dam and observed counts, adjusted for probability of transportation.

source df. Deviance Mean Dev. F p R?
Total o, 25 8.7391
flow.a + flow.b 2 1.9368 0.9684 3.2743 0,0561 0.2216
error 23 6.8024 0.2958 |

Source d.f. Deviance Mean Dev. F p R2
Total g 25 8.7391
spilla + spill.b s 1.3020 0.6510 2.0133 0.1564 0.1490
error 23 7.43:1 0.3234

source d.f. Deviance Mean Dev. F p R*
Total 25 8.7391
turb.a + urb.b ' 2.2360 1.1180 3.95-$0 0.0334 0.2559
error 23 6.5032 0.2827 |

source d.f. Deviance Mean Dev. F p R?
Total,oy 25 8.-391
tempt.a + tempc.b 2 0.8769 0.4384 1.2827 0.2964 0.1003
- 23 7.8622 0.3418 |

Source d.f. Deviance Mean Dev. F p R°
Total 25 8.391
spill ratio ! 1.1989 1.1989 3.8159 0.0625 0.1372
error 24 7.5403 0.3142

source d.f. Deviance Mean Dev F p R-
Total g 25 8.7391
hatchery contribution 1 1.1421 1.1421 3.6080 0.0696 0.1307
error 24 7.5970 0.3165
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TableH7: Analysis of deviance tables for Cowlitz references using two river conditions at
McNary Dam and observed counts, adjusted for probability of transportation.

Source d.f. Deviance Mean Dev. F p
Total ;. 25 8.7391
turb.a + turb.b 2 2.2360
flow.a + flow.b 2 0.4503 0.2252 0.7811 0.4707
error 21 6.0529 0.2882
over-al model p vaue 0.0894
Source d.f. Deviance Mean Dev. F p
Total o 25 8.7391
turb.a + turb.b 2 2.2360
spilla + spill.b 2 0.1470 0.0735 0.2429 0.7865
error 21 6.3561 ().3027
over-al model p value 0.1365
Source d.f. Dev iance Mean Dev. F p
Total g, 25 8.7391
turb.a + turb.b 2 2.2360
tempt.a + tempt.b 0.9217 0.4608 1.:339 0.2009
error 2l 5.5815 0.2658
over-all model p value 0.0433
Source d.f. Deviance Mean Dev. F p
Total 35 8.-391
turb.a + turb.b 2 2.2360
spill ratio ! 0.0167 0.0167 0.0567 0.8139
error B 6.4864 0.2948
over-al model p value 0.0821
Source d.f. Deviance Mean Dev. F P
Total o, 25 8.7391
turb.a + turb.b 2 2.2360
hatchery contribution I 0.04 13 0.0413 0,1-$06 0.7113
- 22 6.4619 0.2937
over-all model p value 0.0790
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TableH8: Analysis of deviance tables for Washougal references using single river
conditions at McNary Darn and observed counts, adjusted for probability of transportation.

source d.f. Deviance Mean Dev. F p R
Total g, 25 13.0583 |
flow.a + flow.b 2 6.0512 3.0256 9.9313 0.0008 I 0.4634
- 23 7.0071 0.3047 |

source d.f. Deviance Mean Deyv. F p R
Total o, 25 13,0583
spill.a + spill.b 2 3.5358 1.7679 4.2701 0.0265 0.2708
error 23 95225 0.4140 |

source d.f. Deviance Mean Dev. F P R?
Totalgyey 25 13.0583
turb.a + turb.b 2 4.0179 2.0090 5.1109 0.0146 03077
- 23 9.04435 0.3931 |

source df. Deviance Mean Dev. F p R
Totalgg, 25 13.0583
tempt.a + tempt.b 2 3.4008 1.7 $.04% 0,0311 0.2604
- 23 9.6575 0.4199

source d.f. Deviance Mean Dev. F P R2
Total o 2 13.0583
spill ratio 1 2.6805 2.6805 6.1989 0.0201 0.2053
arror 24 10.3778 0.4324 ]

Source d.f. Deviance Mean Dev. F p R?
Total o, 2s 13.0583
hatchery contribution 1 0.6759 0.6759 1.3102 0.2637 0,0518
error 24 12.3824 0.5159 [
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TableH9: Analysis of deviance tables for Washougal references using two river conditions

at McNary Dam and observed counts, adjusted for probability of transportation.

source d.f. Deviance Mean Dew. F 2}
Total o 25 13.0583
flow.a + flow.b 2 6.0512
spill.a + spill.b 2 1.4284 0.7142 2.6884 0.0913
- 21 5.5787 0.2657
over-all model p value 0.0009
source d.f. Deviance Mean Dev. F P
Totalgg, 25 13.05s3
flow.a + flow.b 2 6.0512
wrb.a + turb.b 2 0.7150 0.3575 11932 0.3230
error 21 6.2921 0.2996
over-all model p value 0.0030
Source d.f. Deviance Mean Dev. F p
Total o 25 13.0583
flow.a + flow.b 2 6.0512
tempt.a + tempt. b 2 0.5820 (.2910 0.9510 0.1024
error 21 64251 0.3060
over-all model p value 0.0037
source d.f. Deviance Mean Dev. F P
Total 25 13.0583
flow.a + flow.b 2 6.0512
spill ratio 1 15571 1.5571 6.2854 0.0201
error 22 54500 0.2477
over-all model p value 0.0002
source d.f. Deviance Meao Dev. F p
Total 25 13.0583
flow.a + flow.b 2 6.0512
hatchery contribution 1 0.0142 0.0142 0.0448 0.8344
error 22 6.9928 0.3179
over-d model p value 0.0029
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TableH10: Analysis of deviance tables for Washougal references using three river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

Source d.f. Deviance Mean Dev. F P
Total 25 13.0583
flow.a + flow.b + spill ratio 3 7.6083
turb.a + turb.b 2 0.0211 0.0106 0.0389 0,%20
error 20 5.4289 0.2714
over-al model p vaue 0.(X)21
Source df. Deviance Mean Dev. F p
Total, o 25 13.0583
flow.a + flow.b + spill ratio 3 7.6083
tempt.a + tempt.b 2 0.2811 0.1406 0.5439 0.58S8
error 20 5.1689 0.2584
over-all model p value 0.0014
source d.f. Deviance Mean Dev. F P
Totalyy, 2s 13.0583
flow.a + fiow.b + spill ratio 3 7.6083
hatchery contribution 1 0.0092 0.0092 0.0355 0.852-$
error 21 5.4408 0.259]
overall model p value 0. 0007
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TableH1 1. Analysis of deviance tables for Tanner Creek references using single river
conditions at McNary Darn and observed counts, adjusted for probability of transportation.

Source d.f. Deviance Mean Dev. F p R?
Total 27 73.4319
flow.a + flow.b 2 28.7538 14.3769 8.0447 0.0020 0.3916
error 2s 44.6781 17871 |

Source d.f. Deviance Mean Dev. F p R?
Totalyo, 27 73.4319
spill.a + spill.b 2 32.7892 16.3946 10.0846 0.0006 0.4465
error 23 40.6428 1.6257

Source d.f Deviance Mean Dev. F P R?
Total 27 734319
wrb.a + wrb.b 2 25.6002 12.8001 6.691X! 0.0047 0.3486
- 25 47.8318 19133

source d.f. Deviance Mean Dev. F P R*
Totalyg,, 2 -3.4319
tempt.a + tempt. b » 1.8252 0.9126 0.31S6 0.7301 0.0249
error 25 -1.6068 2.8643

Source d.f. Deviance Mean Dev. F p R:
Totalog, hoy -3.4319
spill ratio 1 30.5813 30.5813 18.5554 0.0002 0.4165
error 26 42.8507 1.6481

source d.f. Deviance Mean De\. F p R:
Total,,,, 2 73.4319
hatchery contribution I 25.0034 25.0034 13.4237 0.0011 0.3405
error 26 48.-$286
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TableH12: Analysis of deviance tables for Tanner Creek references using two river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

source d.f. Deviance Mean Dev. F P
Total,o 27 73.4319
spill ratio 1 30.5813
flow.a + flow.b 2 0.0854 0.0427 0.0240 0.9763
error 2 42.7652 1.7819
over-al meodel p value 0.0042
Source d.f. Deviance Mean Dev. F P
Total,y,, 27 73.4319
spill ratio ! 30.5813
turb.a + wrb.b 2 18.7747 9.3874 9.3578 0.0010
error % 24 .0759 1.0032
over-all model p value 2.04x10710
source d.f. Deviance Mean Dev. F P
Total gy 27 73.4319
spill ratio 1 30.5813
tempt.a + tempt.b 2 10.5583 5.2791 3.9235 0.0336
error 24 32.2924 1.3455
over-all model p value 0.0002
Source df Deviance Mean Dev. F P
Total o 27 -3.4319
spill ratio 1 30.5813
hatchery contribution ! 14.6830 14.6830 13.0318 00013
error 25 28.1677 1.1267
over-all model p value 1.90x10™
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TableH13: Analysis of deviance tables for Tanner Creek references using three river
conditions at McNary Darn and observed counts, adjusted for probability of transportation.

source d.f. Deviance Mean Dev. F p
T = S YEIT) - —
spill ratio + turb.a + wurb.b 3 49.3760
flow.a + flow.b 2 1.4894 0.7447 0.7254 0.-$954
error 22 225865 1.0267
over-all model p value 4.57X1045
Source d.f. Deviance Mean Dev. F P
Total 27 73.4319
spill ratio + turb.a + turb.b 3 49.3760
tempt.a + tempt.b 2 8.5878 4.2939 6.0993 0.0078
- 22 15.4881 0.7040
over-all model p value 8.58x10%°
Source d.f. Deviance Mean Dev. F P
Total o 27 73.4319
spill ratio + turb.a + turb. b 3 49.3760
hatchery contribution 1 2.6108 2.6108 2.7975 (). 1080
error 23 21.4651 0.9333
over-all model p value 6.58x10™%
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TableH14: Analysis of deviance tables for Tanner Creek references using all four river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

source d.f. Deviance Mean Dev. F p
Total,, 27 73.4319
spill ratio + turb.a + turb.b + 5 57.9438
tempt.a + tempt.b
flow.a + flow.b 2 0.7105 0.3552 0.4808 0.6253
error 20 14,7776 0.7389
over-all model p value 9.33x10°%
Source d.f. Deviance Mean Dev. F p
Totalyyy 27 73-$319
spill ratio + turb. a + turb. b + 5 57.9438
tempt.a+ empe. b
hatchery contri bution 1 0.4988 0.4988 0.6988 0.4126
error 21 14.9893 0.7138
over-al model p value 2.70x108
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Appendix I: ANODEV Tables for Model (5)

Tabie of Tables
Grays River reference. using single river conditions and unadjusted VPA counts.
Grays River reference using two river conditions and unadjusted VPA counts.
Grays River reference using three river conditions and unadjusted VPA counts.

Bonneville Brights reference using single river conditions and unadjusted VPA counts.

Bonneville Brights reference using two river conditions and unadjusted VPA counts.
Cowlitz reference using single river conditions and unadjusted VPA counts.
Washougal reference using single river conditions and unadjusted VPA counts.
Washougal reference using two river conditions and unadjusted VPA counts.

Tanner Creek reference using single river conditions and unadjusted VPA counts.
Tanner Geek reference using two river conditions and unadjusted VPA counts.
Tanner Geek reference using three river conditions and unadjusted VPA counts.
Tanner Geek reference using four river conditions and unadjusted VJ?A counts.
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Table 11: Analysis of deviance tables for Grays River references, using single river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

N

source d.f. Deviance Mean Dev. F p R
Total,,, 17 18.9056
flow.a + flow.b® 2 35333 1.7666 1.7239 0.2119 0.1869
error 15 15.3723 1.0'248

source d.f. Deviance Mean Dev. F P R
Total o 17 18.9056
spilla + spillb I 3.4967 1.7484 17020 0.2157 0.1850
en-or 15 15.4089 1.0273 |

source d.f. Deviance Mean Deyv. F P R-
Total o 17 18.9056
turb.a + turb.b 2 3.3469 1673 1613 0.2319 0.177
error 15 15.55X: 1.0372

source d.f. Deviance Mean Dev. F p R
Total ., 17 18.9056
tempt.a + tempt.b : 6.--80 3.3890 J.191- 0.0358 0.3585
en-w 15 1:.12:6 0.8085

source d.f. Deviance Mean Dev. F p R*
Total,,,, 17 18.9056
spill ratio 1 3.1-98 3.1-98 3.2352 0.0910 0.1682
error 16 15.7259 0.9829

source d.f Deviance Mean Dev. F p R
Total o, 17 18.9056
hatchery contribution 1 4.1552 4.1552 45071 0.0497 0.2198
- 16 14.7505 0.9219 |

a “d’ ending indicates the intercept. “b” indicates the sope of the linear regression for that vari-
able.
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Table 12: Analysis of deviance tables for Grays River references using two river conditions

at McNary Darn and vpa counts, unadjusted for the probability for transportation.

Source df. Deviance Mean Dev. F p
Total 17 18.9056
temp.a + temp.b 2 6.7780
spill.a + spill.b 2 13313 0.6656 0.8015 0.4696
- 13 10.7963 0.8305
over-all model p value 0.0993
Source d.f. Deviance Mean Dev. F p
Total,,, 17 18.9056
temp.a + temp.b 2 6.7780
turb.a + turb.b 2 1.1569 0.5784 0.6855 0.5212
error 13 10.9707 0.8439
over-all model p value 0.1084
Source d.f. Deviance Mean Dev. F p
Totalgg, 17 15.9056
tempt.a + tempt.b » 6.7780
flow.a + flowb 2 1.6108 0.8054 0.9955 0.3960
- 13 10.5168 0.8090
over-all model p value 0,0858
source d.f. Deviance Mean Dev. F p
Total 17 18.9056
temp.a + temp.b 2 6.7780
spill ratio [ 0.9313 0.9313 1.1643 0.2988
error 14 11.1%3 0.-99:
over-d model p value 0.0556
source d.f. Deviance Mean Dev. F p
Total o 17 18.9056
temp.a + temp.b 2 6.7780
hatchery contribution 1 3.5%1 3.5951 5.8987 0.0292
error 14 8.5325 0.6095
over-all model p value 0.0093
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Table 13: Analysis of deviance tables for Grays River references using three river conditions
at McNary Dam and vpa counts, unadjusted for the probability for transportation.

source d.f. Deviance Mean Dev. F p
Total 17 18.9056
temp.a + temp.b + 3 10.3731
hatchery contribution
spill.a + spill.b 2 1.2900 0.6450 1.0686 0.3740
errs 12 7.2426 0.6036
over-all model p value 0.0256
Source d.f. Deviance Mean Dev. F P
Totaley 17 18.9056
temp.a + temp.b + 3 10.3731
hatchery contribution
turb.a + turb.b 2 1.0656 0.532s 0.8563 0.449 1
- 12 7.4669 0.6222
over-al model p vaue 0.0300
source d.f. Deviance Mean Dev. F p
Total, 17 18.9056
temp.a + temp.b + 3 10.3731
hatchery contribution
flow.a + flow.b 2 1.1180 0.5590 0.9047 0.4306
error 12 7.4146 0.6179
over-al model p value 0.0289
source d.f. Deviance Mean Dev. F P
Total o 17 18.9Q56
temp.a + temp.b + 3 10.3731
hatchery contribution
spill ratio 1 0.8887 0.8887 15115 0.2407
error 13 7.6438 0.5880
over-al model p vaue 0,0135

No further information is gained by adding more river conditions to the regression.
The best model for the Gray’'s River-Priest Rapids comparison is temperaturet+ hatchery

contribution.
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Table 14: Analysis of deviance table for Bonneville Brights references using single river
conditions at McNary Darn and vpa counts, unadjusted for the probability for transportation.

~

Source d.f. Deviance Mean Dev. F p R?
Total, 26 63.6718
flow.a + flow.b 2 12.69911 6.3495 2.98% 0.0693 0.19%4
- 24 50.9728 2.1239 1

Source d.f. Deviance Mean Dev. F p R?
Total oy 26 63.6'718
spill.a + spill.b 2 15.0882 7.5441 3.7267 0.0390 0.2370
error % 48,5837 2.0243 |

Source d.f. Deviance Mean Dev. F p R:
Totalygr 2 63.6718
turb.a + turb.b 2 28.8177 14.408S 9.9217 0.0007 0.4526
error 24 34.8542 1.452.3 |

source d.f. Deviance Mean Dev. F p RrR?
Total o, 26 63.6718
tempc.a + tempt.b 2 4.5430 2.2715 0.9220 0.4114 0.0714
error 2% 59.1288 2.4637

Source d.f. Deviance Mean Dev. F ) R®
Total g, 26 63.6718
spiff ratio 1 10.6766 10.6766 5.0366 0.0339 0.1677
error 25 52.9953 2.1198 t

Source d.f. Deviance Mean Dev. F p R?
Total g, 26 63.6718
hatchery contribution 1 27.2348 27.2348 18.6862 0.0002 0.4277
error 25 36.-$370 1.4575
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Table 15: Analysis of deviance table for Bonneville Brights references using two river
conditions at McNary Darn and vpa counts, unadjusted for the probability for transportation.

source d.f. Deviance Mean Dev. F P
Total 26 63.6718
hatchery contribution 1 27.2348
spill.a + spillb 2 3.4267! 1.7131 1.1936 0.3212
- 23 33.0108 1.4353
over-al model p value 0.0015
Source d.f. Deviance Mean Dev. F p
Total gy 26 63.6:18
hatchery contribution 1 27.2348
tempt.a + tempt.b 2 3.3979 1.6990 1.1827 0.3244
error 23 33.0371 1.4365
over-al model p value 0.0015
Source d.f. Deviance Mean Dev. F P
Totalgg, 26 63.6:18
hatchery contribution 1 27.2348
flow.a + flow.b > 2.3438 1.1719 0.7906 0.4653
error 23 34.0032 14823
over-all model p value 0.0021
Source d.f. Deviance Mean Dev. F P
Total,,,, 26 63.6718
hatchery contribution 1 27.2348
spiff ratio | 2.6393 2.6393 1.8742 0.183-
- 24 33.79°7 1.4082
over-all model p value 0.0005
Source d.f. Deviance Mean Dev. F p
Total o, 26 63.6718
hatchery contribution 1 27.2348
turb.a + turb.b 2 5.0484 2.5242 1 .8-a% 0.1:99
23 313886 1.3647

over-al model p value
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Table 16: Analysis of deviance tables for Cowlitz references using single river conditions at
McNary Darn and vpa counts, unadjusted for the probability for transportation.

Source d.f Deviance Mean Dev. F p R?
Total.. 25 12.1810
flow.a + flow.b 2 0.6181 0.3090 0.6148 0.5494 ‘ 0.0507
error 23 11.5629 0.5027 \

Source d.f. Deviance Mesa Dev. F p R?
Totalyey % 12.1810
spill.a + spill.b ? 0.9874 0.4937 1.0144 0.3783 0.0811
error 2 11.1936 0.1867 i

Source d.f. Deviance Mean Dev. F p R?
Totalygy 25 12.1810
turb.a + turb.b 2 0.8927 0.4464 0.9094 0.4168 0.0733
error 23 11.2883 0.4908 I

Source d.f. Deviance Mean Dev. F p R:
Total g 25 12.1810
tempt.a + tempt.b 2 0,~461 0.1231 0.2372 0.-908 0.0202
error 2.3 11.931Q 0.5189

source d.f. Deviance Mean Dev, F P R
Total,,,. 25 12.1810
spill ratio | 0.692 0.697 1.44-2 0.240- 0.0569
error 24 11.4883 0.4:8

source df. Deviance Mean Dev. F p R*
Total,,, 25 121810
hatchery contribution i 0.4446 0.4446 0.909 0.3499 0.0365
error % 11.7365 0.4890 t
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Table 17: Analysis of deviance tables for Washougal references using single river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

Source d.f. Deviance Mean Dev. F p R
Total _ 25 14.8628
flow.a + flow.b 2 3.3860 1.6930 3.3929 0.0511 0.2278
error 2 11.4768 0.4990 \

SOW-LX d.f. Deviance Mean Dev. F 2} R:
Total, . 25 14.8628
spill.a + spill.b 2 2.0621 10311 1.8526 0.1-95 0.1387
error 23 12.8007 0.5566 |

source d.f. Deviance Mean Dev. F P R?
Total oy 25 1-$.8625
turb.a + turb.b 2 2.3503 11752 2.1601 0.1381 0.1581
error 23 12.5125 0.5440 [

source d.f. Deviance Mean Dev. F P R-
Totalgg,r % 14.8625
tempt.a + tempe.b 2 4.0687 2.0344 4.3348 0.0253 0.238
errs 23 10.-941 0.4693 |

source d.f. Deviance Mean Dev. F p R"
Totalyrr 25 14.8628
spill ratio | 1.921" 1.9217 3.5639 0.0-12 (,1293
error 24 12.9411 0.5392

Source d.f. Deviance Mean Dev. F P R
Total o % 14.8628
hatchery contribution 1 0.3528 0.3528 0.5836 0.4523 0.0237
errs 24 1-$.5100 0.6046
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Table 18: Analysis of deviance tables for Washougal references using two river conditions at
McNary Darn and vpa counts, unadjusted for the probability for transportation.

Source df. Deviance Mean Dev. F P
Total 25 14.8628
tempt.a + tempt.b 2 4.0687
flow.a + flow.b 2 1.0566 0.5283 1.1393 0.3390
error 21 9.7375 0.4637
over-all model p value 0.0545
Source d.f. Deviance Mean Dev. F p
Total o 25 14.8628
tempt.a + tempt.b 2 4.0687
turb.a + turb.b 2 0.8450 0.4225 0.5918 0.4249
- 21 9.9491 0.4738
over-all model p value 0.0661
Source d.f. Deviance Mean Dev. F P
Totalyo 25 14.8628
tempt.a + tempt.b 2 4.0687
spill.a + spillb 2 1.0042 0.5021 1.07- 0.3587
error 21 9.%99 ().4662
over-d model p value 0.05-2
Source d.f. Deviance Mean Dev. F p
Total o 23 14.5628
tempt.a+ tempc.b 2 4.0687
spill ratio I 0.4464 0.4364 0.9491 0.3405
error 22 10.3477 0.4704
over-al model p valve 0.0432
soul-.x d.f. Deviance Mean Dev. F P
Total,g, 25 14.8628
tempt.a + tempt.b 2 4.0687
hatchery contribution 1 0.0005 0.0005 0.4)10 0.9750
- 22 10.7936 0..$906
over-d model p value 0.0661
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Table 19: Analysis of deviance tables for Tanner Creek references using single river
conditions a McNary Dam and vpa counts, unadjusted for the probability for transportation.

-

Source d.f. Deviance Mean Dev. F P R-
Total ., 27 67.7441
flow.a + flow.b 2 23.2444 11.622'2 6.5294 0.0052 0.3431
error 25 44.4997 1.7800 |

Source d.f. Deviance ‘Mean Deyv. F p R?
Total,g 27 67.7441
spill.a + spill.b 2 28.9709 14.-4s54 9.3398 0.0009 04277
- 25 38.7732 1.5509

Source d.f. Deviance Mean Dev. F p R
Totalgoy 7 67.7441
turb.a + turb.b 2 24.7600 12.3800 7.2004 0.0034 0.3655
error 25 429841 1.7194

source d.f. Deviance Mean Dev. F P R-
Total o 27 6:.2.141
tempt.a + tempt b 2 1.0636 0.5318 0.1994 0.8205 0.0157
error 2s 66.6505 2.6672

source d.f. Deviance Mean Dev. F p R-
Total gy 27 77441
spill ratio 1 26.0935 26.0935 16.2886 0.0004 0.3852
error 26 41.6506 1.6019

source d.f. Deviance Mean Dev. F p R®
Total _ 27 67.7441
hatchery contribution I 27.2072 27.2072 17.4505 0.0003 0.4016
error 26 40.5369 15591 l
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Table 110: Analysis of deviance tables for Tanner Creek references using two river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

source d.f. Deviance Mean Dev. F p
Total . 27 62.7441
hatchery contribution 1 27.2072
flow.a + flow.b 2 14.1704 7.0852 6.4493 0.0057
- 24 26.3665 1.0986
over-all model p value 3.90x10%3
Source d.f. Deviance Mean Dev. F P
Totaleor gl 67.7441
hatchery contribution | 27.2072
turb.a + wrb.b 2 11.4826 5.7413 4.7426 0.0184
error 24 29,0542 1.2106
over-all model p value 0.0001
source d.f. Deviance Mean Dev. F p
Total,q, o 67.7441
hatchery contribution ! 27.2072
temp.a + temp.b 2 2.3508 1.1754 (),738s 0.48S3
error 24 38.1860 15911
over-al model p value 0.0029
Sours d.f. Deviance Mean Dev. F P
Total,y,, 2 67.7441
hatchery contribution 1 27.2072
spill.a + spill.b 2 16.8241 8.4120 8.5139 0.0016
- 24 23.7128 0.9880
over-all model p value 1.12x10%
source d.f. Deviance Mean Dev. F p
Totalegr 27 67.7441
hatchery contribution 1 27.2072
spill ratio 1 16.1347 - 16.1347 16.5300 0.0004
- 25 24.4021 0.9761
over-all model p value 2.86x10°%
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Table 111: Analysis of deviance tables for Tanner Creek references using three river
conditions at McNary Darn and vpa counts, unadjusted for the probability for transportation.

source d.f. Deviance Mean Dev. F p
Total o 27 67.7441
hatchery contribution + 2 43.3419
spill ratio
flow.a + flow.b 2 0.8855 0.4-$28 0.4330 0.6537
error 23 13.516: 1.0225
over-all model p value 4.42x1003
Source d.f. Deviance Mean Dev. F P
Totalegr 27 77441
hatchery contribution + 2 43.3-$19
spill ratio
turb.a + turb.b 2 6.3700 3.1850 4.0625 0.0308
error 23 18.0321 0.7840
over-al model p value 2.31x10%
Source d.f. Deviance Mean Dev. F P
Total,op, 27 67.7441
hatchery contribution + 2 43.3419
spill ratio
temp.a + temp.b ” 25376 1.2688 1.334- ().2s29
error 23 21.8645 0.95(36
over-al model p value 1.98x 109
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Table 112: Analysis of deviance tables for Tanner Creek references using four river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

source d.f. Deviance Mean Dev. F P
Total 27 67.7441
hatchery contribution + 4 49,7119
spill ratio + turb.a + turb.b
flow.a + flow.h 2 0.2138 0.1069 0.1260 0,8823
error 21 17.8183 0.8485
over-all model p value 3.38x 1005
Source d.f. Deviance Mean Dev. F p
Total o,y 27 7.7441
hatchery contribution + 4 49.7119
spill ratio + wurb.a + turb. b
tempt.a + tempt.b 2 4.2532 2.1266 3.241 0.0593
error 21 13.7789 0.6561
over-all model p value 2.61x10*
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J10
J11
J12

Appendix J: ANODEV Tables for Model (6)

Table of Tables

Grays River reference using single river conditions at McNary Dam and adjusted VPA counts
Grays River reference using two river conditions at McNary Dam and adjusted VPA counts.

Grays River reference using three river conditions at McNary Dam and adjusted VPA counts.
Bonneville Brights reference using single river conditions at McNary Dam and adjusted VPA counts.
Bonneville Brights reference using two river conditions a McNary Dam and adjusted VPA counts.
Cowlitz reference using single river conditions at McNary Dam and adjusted VPA counts.
Washougal reference using single river conditions at McNary Dam and adjusted VPA counts.
Washougal reference using two river conditions at McNary Dam and adjusted VPA counts.

Tanner Creek reference using single river conditions at McNary Dam and adjusted VPA counts.
Tanner Creek reference using two river conditions a McNary Dam and adjusted VPA counts.
Tanner Creek reference using three river conditions at McNary Dam and adjusted VPA counts.
Tanner Creek reference using four river conditions at McNary Dam and adjusted VPA counts.
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Table J1: Analysis of deviance tables for Grays River references, using single river
conditions at McNary Darn and adjusting for probability of transportation.

source df. Deviance Mean Dev. F p R-
Total . 17 20.4203 |
flow.a + flow.b® 2 4.9790 24805 24183 01220 | 02438
error 15 15.4414 1.0294 ‘

Source d.f. Deviance Mean Dev. F p R?
Total,or 17 20.4203
spill.a + spill.b 2 5.0154 2.5077 2.4418 0.1208 0.2456
error 15 15.4049 1.0270 ‘

source d.f. Deviance Mean Dev. F p R2
Total,,, 17 20.4203
turb.a + turb.b 2 4.2698 21349 1.9828 0.1722 l 0.2091
error 15 16.1505 1.0767 |

Source d.f. Deviance Mean Dev. F p R2
Total,qpy 17 20.4203
tempt.a + tempt.b 2 7.5338 3.7669 4.3847 0.0317 0.3689
- 15 12.8865 0.8591 |

source d.f. Deviance Mean Dev. F p R?
Total 17 20.4'203
spill ratio | 4.7010 4.7010 4.7849 0.0439 0.2302
error 16 15.7194 0.9825 |

Source d.f. Deviance Mean Dev. F p R?
Total,,, 17 20.4203
hatchery contribution 1 4.2314 4231-$ 4.1820 0.0577 0.2072
error 16 16.1890 1.0118

a “a’ ending indicates the intercept, ” .b” indicates the slope of the linear regres-
sion for that variable.
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Table J2: Analysis of deviance tables for Grays River references using two river conditions
at McNary Dam and adjusting for probability of transportation.

Source df. Deviance Mean Dev F p
Total g, 17 20.4203
temp.a + temp.b 2 7.5338
spill.a+ spill.b 2 2.0906 1.0453 1.2587 0.3164
error 13 10.7959 0.8305
over-al model p value 0.0645
Source d.f. Deviance Mean Dev. F P
Total on 17 20.4203
temp.a + emp.b 2 7.5338
turb.a + turb.b 1.6026 08013 0.9232 0.$218
error 13 11.2839 0.8680
over-all model p vaiue 0.0827
Source df. Deviance Mean Dev. F P
Total oy - 20.4203
tempt.a + tempt.b ° *.5338
flow.a + flow.b 24257 1.2128 15072 0.2578
error 13 10.4608 0.8047
over-all model p vaue ().0539
source d.f. Deviance Mean Dev. F P
Total g, - 20.4203
temp.a + temp.b 2 7.5338
spill ratio 1 1.6668 1.6668 2.0798 0.1713
- 14 11.2198 0.8014
over-all model p vaue 0.0342
source df. Deviance Mean Dev. F P
Total,gr - 20.4203
temp.2 + lemp.b 2 7.5338
hatchery contribution 1 3.6053 3.6053 5..$383 0.03s 1
N 14 9.2812 0.6629
over-al modei p value 0.(X)98
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Table J3: Analysis of deviance tables for Grays River references using three river conditions
at McNary Dam and adjusting for probability of transportation.

source d.f. Deviance Mean Dev. F p
Total o,y 17 20.4203
temp.a + temp.b + 3 11.1391
hatchery contribution
spill.a + spill.b 2 2.0399 1.0200 1.6902 0.2256
- 12 7.2413 0.6034
over-all model p vaue 0.0170
source d.f. Deviance Mean Dev. F p
Totalggr 17 20.4203
temp.a + temp.b + 3 11.1391
hatchery contribution
turb.a + turb.b K 1.3648 0.6824 1.0344 0.3851
error 12 79164 0.65.97
over-all model p value 0.0272
source d.f. Deviance Mean Dev. F p
Totalgy, 17 20.4203
temp.a + temp.b + 3 11.1391
hatchery contribution
flow.a + flow.b 1.8015 0.9008 | 4451 0.2740
- 12 -.J-9- 0,6233
over-all model p value 0.0202
source d.f. Deviance Mean Dev. F p
Total.y,, 17 204203
temp.a + temp.b + 3 11,1391
hatchery contribution
spiff ratio 1 1.6096 1.6096 yo2T2TT 0.1226
- 13 7.6716 0.590 |
over-all model p vaue 0.0087
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Table J4: Analysis of deviance table for Bonneville Brights references using single river
conditions at McNary Dam, adjusted for probability of transportation.

source d.f. Deviance Mean Dev. F p R-
Total 26 66.9975
flow.a + flow.b 2 15.8562 7.9281 3.7206 0.0391 0.0555
- 24 51.1413 2.1309 |

source d.f. Deviance Mean Oev. F p R?
Total o 26 66.9975
spill.a + spill.b 2 1 8.6%6 9.3483 4.6450 0.0197 0.2791
en-of 24 48.3009 2.0125 |

source d.f. Deviance Mean Dev. F p R
Total 26 66.9975
turb.a + turb.b 2 31.3672 15.6836 10.5642 000051 01682
- 2% 35,6303 1.4846 [

source d.f. Deviance Mean Dev. F p R-
Total g 26 66.9975
tempc.a + tempt.b - 3.%7- 1.9838 0.7554 0.-$80- 0.0592
error 3 63.0298 2.6262 |

source d.f. Deviance Mean Dev. F p R-
Total oy 26 66.9975
spill ratio 1 0.35-$0 0.3540 0.1328 0.186 0.(X353
- 25 66.6135 26657 |

source d.f. Dev iance Mean Dev. F p R°
Total 26 66.9%5
hatchery contribution 1 28.9757 28.9757 19.0520 0.0002 04325
- 2s 38.0218 1.5209 |
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Table J5: Analysis of deviance table for Bonneville Brights references using two river
conditions at McNary Darn, adjusting for probability of transportation.

Source d.f. Deviance Mean Dev. F 2}
Total o, 26 66.9975
hatchery. contributi on 1 28.9757
spilla + spill.b 2 5.1345 2.5672 1.7954 0.1886
error 23 32.8873 1.4299
over-all model p value 0.0008
Source d.f. Deviance Mean Dev. F p
Total o 26 66.9975
hatchery. contribution 1 28.9757
tempt.a + tempt.b 2 3.6208 1.8104 1.2104 0.3164
error 23 34.4010 1.4957
over-al model p value 0.0013
Source d.f. Deviance Mean Dev. F p
Totalgo,r 26 66.9975
hatchery.contribute on 1 28.9757
flow.a + flow.b 2 3.6722 1.8361 1.2294 0.3110
- 23 34.3-t% 1.-$935
over-all model p vaiue 0.0013
Source d.f. Deviance Mean Dev. F P
Total o 26 66.9975
hatchery.contributi on 1 28.9757
spill ratio 1 4.1435 4.1-$35 2.9353 ()-0096
error 24 33.8783 14116
over-all model P value 0.(X)03
source d.f. Deviance Mean Dev. F p
Total o,y 26 66.9975
hatchery.contribute on 1 28.975:
turb.a + turb.b 2 5.9569 29784 2.1364 0.1409
error 23 32.0649 1.3941
over-al model p value 0.0006
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Table J6: Analysis of deviance tables for Cowlitz references using single river conditions at
McNary Dam and adjusting for probability of transportation.

source d.f. Deviance Mean Dev. F p R?
Totalgg,, 25 13.1577 \
flow.a + flow.b 2 1.4224 0.7112 1.3939 0.2683 0.1081
error 23 11.7353 05102 |

Source d.f. Deviance Mean Dev. F p R-
Totaleor 25 13.1577
spill.a + spillb 2 2.0288 1.0144 2.0964 0.1458 0.1542
error 23 11.1289 0.4839

source d.f. Deviance Mean Dev. F P R
Totaleq, 25 13.1577 J
turb.a + turb.b 2 1.4615 0.7308 1.4370 0.2582 0.1111
error 23 11.6962 0.5085 |

source d.f. Deviance Mean Dev. F p R:
Total,yp, 25 13.157-
tempe.a + tempt. b 2 0.3674 0.183- 0,3303 0.722 0.0279
- 3 12.:903 0.5561 I

source d.f. Deviance Mean Dev. F p R°
Total,,, 25 13.1577
spill ratio 1 1.5999 1.5999 3.3223 0.0808 0.1216
error 24 11.557- 0.4816

source d.f. Deviance Mean Dev. F p R-
Total . 25 13.157:
hatchery contribution 1 0.6542 0.6542 1.2557 0.2736 0.049-
- 24 12.5035 0.5210
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Table J7: Analysis of deviance tables for Washougal references using single river
conditions at McNary Dam and adjusting for probability of transportation.

Source d.f. Deviance Meao Dev. F p R?
Total . 25 16.2471
flow.a + flow.b 2 4.9583 2.4792 5.0511 0.0152 0.3052
error 23 11.2887 0.4908

source d.f. Deviance Mean Dev. F p R2
Total g, 25 16.2471
spill.a + spill.b 2 3.4424 1.7212 3.0916 00647 | 0.2119
error 3 12.8047 0.5567 |

source d.f. Deviance Mean Dev. _F p R?
Total,q ; 25 16.2$71
turb.a + turb.b 2 3.2215 1.6107 2.8442 0.0787 0.1983
error 23 13.0255 0.5663

Source d.f. Deviance Mean Dev. F p R*
Total ,,, 25 16.2471
tempt.a + tempt.b 2 4.6435 23218 4.6021 0.0208 0.2858
error 23 11.6435 0.5045

Source d.f. Deviance Mean Dev. F p R°
Totalgg, 2 16.2471
spill ratio ! 33082 3.3082 6.1363 0.0207 0.2036
error 24 12.9389 0.5391

soul-Ix d.f. Deviance Mean Dev. F p R?
Total o, 25 16.2471
hatchery contribution 1 0.2550 0.2550 0.3827 0..5420 0.0157
- 24 15.9920 0.6663
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Table J8: Analysis of deviance tables for Washougal references using two river conditions at

McNary Darn and adjusting for probability of transportation.

Source d.f. Deviance Mean Dev. F P
Totalo 25 16.2471
flow.a + flow.b 2 4.9583
spill.a + spill.b 2 0.2110 0.1055 0.2000 0. 8203
- 21 11.0778 0.5275
over-all model P value 0.0778
Source d.f. Deviance Mean Dev. F p
Total oy 2s 16.2471
fiow.a + flow.b 2 4.9583
turb.a + turb.b 2 0.2724 0.1362 0.25% 0.7738
error 21 11.0163 0.5246
over-all model p value 0,0741
source d.f. Deviance Mean Dev. F p
Total o 2s 16.2.$:1
flow.a + flow.b 2 4.9583
tempc.a + tempe.b 2 1.5605 0.7802 16843 0.2097
error 21 9.7282 0.4632
over-d model p value 0.0239
source d.f. Deviance Mean Dev. F P
Totaly,,, % 16.2471
flow.a + flow.b 2 5.9583
spill ratio 1 0.1683 0.1683 0.3330 0.569
error 22 11.1204 0.5055
over-al model P value 0.0364
source d.f. Deviance Mean Dev. F p
Total g 25 16.2471
flow.a + flow.b 2 4.9583
‘ hatchery contribution 1 1.3901 1.3901 3.0894 0.092-
- 22 9.8987 0.4499
over-all model p value 0.0110
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Table J9: Analysis of deviance tables for Tanner Creek references using single river
conditions at McNary Dam and adjusting for probability of transportation.

source d.f Deviance Mean Dev. F P R2
Total,,, 27 72.5599 ———_—r—
flow.a + flow.b > 274731 13736 76167  0.0026 | 0.3786
- 25 45.0868 1.8035 |

source d.f. Deviance Mean Dev. F p R2
Totalgr 27 72.5599
spill.a + spill.b 2 34.0078 17.0039 11.0266 0.0004 0.4687
error 25 38.5521 1.5421

source d.f. Deviance Mean Dev. F p R:
Total 25 72.5599
turb.a + rurb.b 2 26.788: 13.3944 :.3159 0.0032 0.3692
error 2s 457712 1.8308 \

source d.f. Deviance Mean Dev. F p R*
Totalyon 2 72.5599
tempta+ tempt.b 2 0.933 0.4662 0.1627 0.8507 | 0.01285
error % 716276 2.865 | I

source d.f. Deviance Mean Dev. F p R~
Total,, 2" 72.5599
spill ratio 1 30.8605 30. 8605 19.2518 0.0002 0.4253
- 26 41.6994 1.6038 |

source d.f. Deviance Mean Dev. F p R
Total . 27 72,5599
hatchery contribution i 28.4976 28.4976 16.815 - 0.0004 0.3927
error 26 4.$.0623 1.6947
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Table J1O: Analysis of deviance tables for Tanner Creek references using two river
conditions at McNary Dam and adjusting for probability of transportation.

source d.f. Deviance Mean Dev. F p
Total, o, 27 72.5599
spill ratio 1 30.8605
flow.a + flow.b 2 0.0388 0.0194 00112 0.9889
error 24 41.6607 1.7359
over-al model P value 0.0035
source d.f. Deviance Mean Dev. F p
Totalgrr e 72.5599
spill ratio 1 30.8605
turb.a + turb.b 2 19.9555 9.9778 11.0129 0.0004
error A4 21.7440 0.9360
over-all model p value 1.80x107%
Source 4.f. Deviance Mean Dev. F p
Totalor 27 72.5599
spill ratio 1 30.8605
tempt.a + tempt.b 2 13.8954 6.9477 5.9971 0.0077
error 2 27.8041 1.1585
over-all model p value 3.25x100
source d.f. Deviance Mean Dev. F P
Total g 27 72.5599
spill ratio 1 30.8605
hatchery contribution 1 17.$153 17.-$153 17.9287 0.0003
- 25 242841 0.9714
over-all model p value 1.14x10™%
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Table J11: Analysis of deviance tables for Tanner Creek references using three river
conditions at McNary Dam and adjusted for probability of transportation.

Source d.f. Deviance Mean Dev. F p
Total g, 27 72.5599
spill ratio+ 2 48.2758
hatchery contribution
fiow.a + flow.b 2 0.8431 0.4216 0.4136 0.6661
error 23 23.4411 1.0192
over-all model p value 2.00X 109
source d.f. Deviance Mean Dev. F p
Totalor 27 72.5599
spill ratio + 2 48.2758
hatchery contribution
turb.a + turb.b 2 6.3226 3.1613 4.0481 0.0312
error 23 17.9615 0.7809
over-al model p value 1.03x10°%
Source d.f. Deviance Mean Dev. F p
Total o z 72.5599
spill ratio + d 48.2758
hatchery contribution
tempt.a + tempt.b 2 2.6460 1.3230 1.4063 0.2653
error 23 21.638 0.9408
over-all model p value 8.22x10%
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Table J12: Analysis of deviance tables for Tanner Creek references using four river
conditions at McNary Dam and adjusting for probability of transportation.

source d.f. Deviance Mean Dev. F p
Totalgy, 27 72.5599
sill retio + 3 54,5984
hatchery contribution +
turb.a + wrb.b
flow.a + flow.b ” 0.2563 0.1281 0.1520 0.8599
- 21 17.5052 0,8431
over-all model p value 1.61x10*
Source d.f. Deviance Mean Dev. F p
Total oy 2 72.5599
spill ratio + 4 54.5984
hatchery contribution +
turb.a + wrb.b
tempe.a + tempe.b 2 4.261° 2.1308 3.2663 0.0582
- 21 13.6999 0.6524
over-al model p value 1.23x10°%
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Review of BPA DE-BI79-87B0O35885/AT79-88-BP01772 Fisheries and Aquatic Sciences Page |

Manuscript Review

1. Identification: Skalski, J. R., R.L. Townsend, R. F. Donnelly, and R. W. Hilborn
(April 1996) The relationship between survival of Columbia River fall chinook
salmon and inriver environmental factors. Final Report, Analysis of Historic Data
for Juvenile and Adult Salmonid Production: Phase Il. Center for Quantitative
Science, School of Fisheries, University of Washington, Seattle, WA 98195.
Prepared for U.S. Department of Energy, Bonneville Power Administration,
Division of Fish and Wildlife, P.O. Box 3621, Portland, OR 97208-3621. Project
Number 87413-02, Contract Number DE-BI79-87B035885, Task Order AT79-

89-BP01772.

2. How thisreview is constructed. The review consists of four parts; specific
comments on the scientific content of the manuscript, editorial comments,
comparison to past review, and comments written directly on the original copy of
the manuscript which is enclosed. The specific comments are summarized and
a few are elaborated in the letter of transmittal. Please note that the edited copy
of the manuscript is an important part of the review. For example, problems
encountered in understanding the mathematical notations and definitions of
statistics and parameters are noted directly on the manuscript along with
suggestions for clarification. The order of the specific and editorial comments
follows that of the manuscript.

3. Recommendation. | recommend this manuscript be accepted for publication
with revisions which are discussed as stated in paragraph 2.

Specific Comments
Note that these comments may be in addition to those written on the enclosed copy of

the manuscript and the letter of transmittal.

Introduction

1.1 The relevant background is that the Columbia River basin has been profoundly
altered with respect to the physical attributes ( temperature, flow, geomorphology, and
many more) which characterize the normative salmon bearing ecosystem. Given the
observations and analyses in the manuscript most of this section seems gratuitous.
Recommend that most of sections 1.1 and 1.2 be deleted. Retain information relevant
to the factors evaluated. For example, the first full paragraph on page 2 looks like a
keeper. Last paragraph before section 1.2 looks like a hold over from Hilbomn et al.

1.2 This section illustrates why | counsel keeping the introductory verbiage to a
minimum. The rationale for inclusion of turbidity-which is given here is very weak, and
it is not supported by citations to the primary literature. Not that turbidity should have
been excluded, but what, exactly, is the mechanism of mortality associated with
turbidity? Why do juvenile salmon avoid turbidity? What does juvenile emigrant
mortality have to do with turbidity? Junge and Oakley (1966) hypothesized that
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reductions in turbidity in McNary forebay would-increase mortality of juvenile salmon
emigrants, and that decreases in turbidity would increase the length of time needed for
emigration because juvenile salmon would hesitate to move during daylight hours in
low turbidity conditions. In the reference section | have included some general and
specific references on mechanisms of salmon migration. In section 3.3.5 the best
rationale for studying flow, temperature and turbidity is given on page 46, top of the

page.

Page 5, para. 1 To what extent are any of the other “independent” variables actually
independent of flow? How can the confounding effects of covariates of flow be
removed? To what extent is natural mortality in the marine environment related to
broad scale climatic factors which also determine runoff and other water movement
variables? Take care not to trivialize the development of the flow-survival hypothesis.
The version of the hypothesis current in the CR basin, although extremely simplistic, is
consistent with a much larger literature on the role of water movements in the life cycles
of anadromous and catadromous fishes. Hynes (1970) has a good introduction to the
older more descriptive literature on the ecology of letic waters, which the synthesis of
flow survival which Glenn Cada did for the Northwest Power Planning Council did not
include. Note that the NPPC Fish and Wildlife Program has evaluation of the flow-
survival hypothesis as an explicit objective. Citing this would help establish the
relevancy of this work to CR salmon recovery.

Page 5, para 2. The effects of temperature are likely to be cumulative, as weii as acute.
Timing of emergence, starvation, and basic physiological mechanisms such as enzyme
systems, ail function with respect to temperature based on cumulative effects and
thresholds. For exampie see Holtby et ai. 1988 and references cited, and Northcote
1984. April through August might not be the appropriate time frame for temperature
with respect to faii chinook juveniles. There may be no “right” time period. See the
cover letter to this review, and commentary later on. Literature cites are lacking.

Page 5, para 3. Lack of literature citations and incautious selection of words makes
this paragraph most unfortunate. Scientists “believe’ that spill is the lowest mortality
route of hydroelectric project passage because tagging experiments involving hundreds
of thousands of marked members have demonstrated it to be so. There are no
estimates of mortality owing to gas bubble disease based on tagged members, or any
other method, because the extent to which the nitrogen supersaturated water coincides
with the path of the emigrants has not been measured. So the equation of the level of
scientific knowledge on these two sources of mortality, spill and GBD, as “beliefs” is
cavalier and inappropriate.

Page 5, para. 3. “Increased spill is thought to result in increased flow, . . . “ By whom?
This is physically impossible, since the route that water takes through a hydroelectric
project has no bearing on the volume of water per unit time coming down the river,
although the time rate of change in volume of water can force the project operator to
spill. Fact: Juvenile salmon downstream movement, including emigration, is deiayed by
hydroelectric projects, especially during times of the day when generation of electricity
is sharply reduced, or stopped, if water is not sent over the spill ways. Fact: Spill aiters
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prey fields of predators below dams in ways favorable to juvenile emigrants..
Hypothesis supported by empiricism: Provision of spill reduces delay in hydroelectric
project passage, and it provides the highest known project passage survival.
Alternative hypotheses, unsupported by in Situ empirical evidence, which question the
value of spill based on negative effects of Gas Bubble Disease, have been advanced,
and should not be discounted. However, the GBD hypotheses are based on in vitro
observations which may, or may not, translate into in situ mortalities. n Situ
observations of acute effects of GBD in fish handling facilities at dams do not translate
into mortality estimates. iNn vitro observations of LD-50 in GBD shouid not be given the
same weight as in Situ estimates of mortalities of juveniles which have passed over spill
ways. Such in Situ records integrate the mortalities generated by GBD, as weii as other
factors. This is most definitely not a trivial point, since credibility depends on
impartiality, and it is not scientifically impartial to give equal weight to unequall y
substantiated hypotheses. Again, if the literature grounding is not available to you, ny
advice is to skip it, rather than to risk the appearance of bias. it is reasonable to look at
spill in the context of this study because spill is an important operational attribute of the
hydroelectric system which may bear on juvenile emigrant survivais, period.

2. Materials and Methods

Page 6- i was surprised not to see any reference hereto the earlier Phase i work by R.
Hilborn, M. Pascual, R. Donnelly, C. Coronado-i-iemandez and others cited at this
point. is this not based to some extent on those works?

Page 7, Environmentai covariates. Environmental covariates require definition well
beyond what is presented here in order to add credibility to the work. Are the
conditions really ambient with respect to the emigrants? This central question is not
addressed. Since so much hinges on the credibility of these physical variables, the
lack of effort in this regard is a serious shortcoming. Specific suggestions on each
variable are given below. | recommend adding a table of weekiy averages (April -
August) and standard deviations by year with graphs of average over all years with
95% ClI for each physical variable. in generai this work is lacking in data summaries
and graphs to support the Results section. Suggest using the formats in Appendix A,

pp. 26-35.

Flow. For exampie, where exactiy, is flow measured at McNary? is it actually
measured, or is it estimated? Does it contain sampling or measurement error, or both?
If so, how much? Where do the Hanford Reach emigrants start to experience this flow?
For how long do they experience it? What proportion of the emigrants experience
which flows? Are flows a surrogate for velocity? Do you postulate a relation among
flows, water velocity and fish velocity? The following comment from an earlier review
needs to be addressed in the discussion on this point;

Therefore, by picking a fixed time duration over which to
measure the independent variable, inforns tion from outside
the tine horizon of the event may be inappropriately applied
to explain the event. AS @ theoretical example,suppose
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that ninety percent of the mgration is swept out of the
hydroel ectric system by hi?h flows during the first week of
May. Wiy then should the flows during the rest of My be =
determ nant of survival, if nortality factors associ ated
with the hydroel ectric system are responsible for the
observed survival s?

The probl em of obtaining neasures of flows as they occurred
during the juvenile migration of each tag group, F(g) (Ean.
2,1s part of the general problem of synchrony to which
studies of this nature are subject. It is inmportant to
employ measures of the physical environment that are
synchronous with the migration of the popul ation of
juveniles tec which the survival estimates apply.

Where isternperature at McNary measured? Is this a scroll case temperature or
a water surface temperature? How does this temperature compare to the temperatures
in the river approaching the project, and to the temperatures in the river below the
project? What is the spatial variability in temperature in relation to the spatial variability
in distribution offish? Is anything at all known about the spatial distribution of
temperature and its potential impact on emigration rates in juveniies?

Where is the turbidity measured? How is it measured? Over what spatial
reference frame does itapply?ls this reiated toturbidities upriver or to the effect of
impoundment on rates ofsedimentation? (C. Paulsen questioned negative correlation
with flow in Table 7, page 25: Junge and Oakley (1966) indicated that McNary pool had
effect of reducing turbidities; itisa settling pond.).

The addition of transportation variabie is an excellent idea, butnotethe
following. The method of construction of the pa, integrates all of the other physical
factors, since these determine the mean and variance of the time distributionof juvenile
salmon abundance at McNary. Hence the transportation variable is necessarily
correlated with the other physical variables, totheextentthey express physical
conditions which are ambient with respect to the emigrants.

Page 13- Selection of stocks for comparison. One wild or semidomesticated animal
population is uniikely to ever rigorously satisfy the criteria to serve as a controi for
another such animal population. Nonetheless, the comparisons are valid so long as
the appropriate caveats about the imitations of the data are given. | suggest that
pooling all the downriver stocks might provide a surrogate estimator of suitable
geographic resolution for lower-river-estuary-early marine effects.

Selection of stocks for comparison. Comments from C. Paulsen.

The first comment is that | do not believe there is enough documentation on how
the reference stocks (Bonneville, Cowlitz, etc.) were chosen from the pool of potential
reference stocks. A detailed description of the data, including brood years of CWT data
used and recovery fractions in each fishery for each potentia reference stock, should be
included. In addition, more details on selection of tag groups for the reference stocks

DASKALSKI\REVIEW.DOC - July 29, 1996 - 503-699-9856 // mundy@telepcrt.com




Review of BPA DE-BI79-87BO35885/AT79-88-BP01772 Fisheries and Aquatic Sciences Page 5

should be included. The selection of reference stocks was a sore point with reviewers of
the earlier draft, and more information is needed to assess the authors' choice of reference
stocks.

Second, with an eye toward assessing potential methods for future experiments, it
might be instructive to compare different Priest Rapids CWT groups released the same
year, to see if they have similar ocean recovery patterns. For example, in 1987 nine tag
codes were released (from Table C8, p. 63 of the report). If these nine groups do not
have the same ocean recovery patterns, it may suggest that designing tagging, rearing, and
release experiments to isolate the effects of in-river migration conditions may be extremely
difficult. If one wants to control for ocean conditions by having tag groups with different
in-river migration experiences be exposed to the same ocean conditions (the premise of
the experiments discussed in Section 4), it would be helpful to assess the similarity of
ocean conditions for past releases. A similar comparison could be done for McNary
transport and control recoveries, to seeif transport affects ocean recovery patterns,
Again, if it does make a difference, this does not bode well for the design of future
experiments (C. Paulsen 6/14/96).

PP-14-15,Eq.1 seems to be missing aline or two (C. Paulsen 6/14/96).
p. 15. Need details on the chi-square homogeneity test (C. Paulsen 6/14/96)

p. 22 Table 4- The Euclidean2 column doesn’t really add anything to the comparison
(C. Paulsen 6/14/96)

Page 25, text and Table 7. The observation that increased flow leads to increased spill
is not particularly informative. Note that spill is positively correlated with flow at a dam
project only at times when flow exceeds the hydraulic capacity of its powerhouse,

except in unusual circumstances such as the Endangered Species Act biological

opinion. At flows below hydraulic capacity, the operator may choose whether or not to
spill. The table header needs to indicate the time period over which these observations
were correlated, and the table shouid show whether or not each statistic is significantly

different from zero.

Page 25, Table 7- Why isit that flow and turbidity are negatively correlated? (CP) is
this a function of where turbidity is measured, e.g. Junge and Oakley (1 966)? (PM)

Page 25, last sentence. Also consider that, due to the way in which flow is measured,
temperature may happen to be a more appropriate measure of water movement which
is ambient with respect to the emigrating juveniles, than is flow.

Section 3.3.5- There is a logical problem created by the fact that this manuscript is a
re-analysis of a paper that was never published. To avoid having to include Appendix
A in the final report, i suggest this section be moved to the beginning of the methods

and results.

Discussion - There is not a one-to-one mapping of the points covered in the paper to
the points presented in the Discussion. Perhaps some of the discussion which occurs
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at the end of presenting the results of each model (1-6, i.e. page 46) couid be moved to
the discussion. Shorten the CWT narrative by referencing Phase | documents, and by
moving the descriptive parts to the Introduction. Next move on to discuss the
similarities and inconsistencies of the results of this research to the work of Junge and
Oakley, Raymond, Berggren and Filardo, Cada, and others.

Editorial Comments

Additional editorial suggestions are written directly on the enclosed copy of the
manuscript.

The use of the construct, “inriver,” which is not found in English, should be replaced by
the word, ambient. For example, the title of the paper would read, “The relationship
between survival of Columbia River fail chinook salmon and ambient environmental
factors”. The use of ambient would distinguish the factors treated in the paper from
larger scale environmental factors such as climatic factors. Suggest doing a global
search in the manuscript for “inriver” to be replaced by ‘ambient”.

Introduction - crunch 1. 1and 1.2 down to two paragraphs; paragraph one briefly
describing the scientific context by citing Nerthcote and Howard Raymond’s 1988
NAJFM paper, and the fish and Wildlife Program of the NW Power Councii, and
paragraph two, describing the history of the Hilborn analysis of hatchery survival data
in the Columbia River basin (see first para. Discussion) , and the first effort to match

these survivals to physical factors.

Methods - Get the original VPA approach (Appendix A) unadjusted for transportation up
front in a box or other separator. Build additional models on to the back of this. This
should be model 1. There needs to be a section called, “Appropriate physical
measures,” where at least as much attention as has been paid to statistical model
selection is paid to the selection and use of the independent variables.

Results - Get the results obtained by applying the original VPA approach (Appendix A)
unadjusted for transportation (Section 3.3.5) up front in a box or other separator.
Summary data tables and graphics are needed. No need to reproduce the Tables in
the Appendix, but summarize behaviors of the physical variables, survivals, and
hatchery stats. See specific suggestions above.

Key concerns from a past review

The Scientific Review Group identified a number of concerns in a review made public
early in 1994.1 have examined the manuscript with respect to how well it addresses
these key concerns. The following is a synopsis of the extent to which these concerns

have been addressed.
QUTLINE OF KEY CONCERNS

1. Specify the geographic range to which the results may apply.
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There is yet some improvement to be made in this area. The work applies to flows at
McNary, and this should be made clear in results and conclusions. It may help to show
correlations among Priest Rapids, Ice Harbor and McNary flows.

2. Provide a more rigorous biological description of the populations of salmon
included in the study, and to which the conclusions may apply.

Progress has been made, but there is room for improvement. For example, see
comments from Paulsen, above.

3. Address key historical and other references, including alternative explanations
for the data.

Not much progress here. The addition of temperature, turbidity, and transportation
made this task much more onerous, but no less essential. At this late date, it is not
recommended to delay the production of the basic results while this is added.
Alternative approach is suggested above.

4. Carefully examine and document the reason for selecting the downriver
control populations that are used to correct for trends in ex-hydroelectric
survival.

Much progress has been made here, although it is clear that one salmon population will
never be able to serve as a “control” for another, in the classic experimental sense. The
comparisons are valid so long as the appropriate caveats about the limitations of the

data are given. The present analysis takes great pains to understand these limitations.

5. Carefully evaluate the selection of the independent variable representing flow
with respect to its physical and temporal properties.

Progress has apparently made here, however the extent of this progress is only
apparent by careful scrutiny of the data Appendices. Need to acknowledge that the
measures of physical factors available at the dams may not be appropriate surrogates
for ambient physical conditions for the smelts.

6. Focus the paper on flow survival, lending less effort to discussion of
Bayesian statistical methods and general history of the Columbia Basin.

Two steps forward, and one step back. It is not clear what the addition of turbidity and
temperature, which are tightly correlated with flow, really added to the understanding of
the flow survival relationship. The original hypothesis of Hilbormn et al. has been moved
into the background, when it should have been the starting point for the analysis. In
retrospect, the Bayesian approach doesn't look so bad.

7. Correct misstatements
Much progress here. Basic understanding of the hydroelectric system is much
improved.
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Appendix K2: Responsesto Peer Reviewers Specific Comments

Responses to the peer review by Dr. Phillip Mundy have been numbered to correspond to his

numbered comments.

Specific Comments

Introduction
1.1: This manuscript has been written for a vast array of potential readers, not al of which maybe

familiar with the Columbia River history as Dr. Mundy.

1.2: The mechanisms associated with any environmental factor are uncertain, no more so for tur-

bidity than the other factors examined in this report.

page 5, para. 1: Annual plots of the ail the environmental variablesinvestigated in this report
were added for avisual comparison. Though a statistical correlation exists between flow and the
other covariates, and with each other, there is considerable within-covariate variation, as shown in
Figures 1-4. By using a step-wise procedure to build up the model one covariate at a time, any
confounding effects of flow would be indicated by the process. Further study involving interaction
terms between flow, temperature, etc. would be needed. Interaction terms were not included here,
due to the sheer number of models which were explored--with six explanatory variables, there are
720 combinations, and with five reference hatcheries, the analysis increases to 3600 models.
Additionally, there were six different approaches (with and without adjustment for the probability
of transportation), for a total of 21,600 models to analyze using just the main effects. The goal of
this study was to choose lower river stocks to control for the marine effects, so that any natural
mortality which may be related to the same broad scale climatic factors also affecting the covari-

ates investigated in this report should not matter, equally affecting both up- and down-river stock.
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page 5, para. 2: This paragraph has been modified to include more citations and responses to the
suggested literature and other sources in regards to temperature and its effects. The temperature
was not based on a fixed calendar date, but on the 28-day period following the release of the juve-

niles into the river, to better characterize conditions actually experienced by the juveniles.

page 5, para. 3: Citations have been added, and the paragraph modified to reflect literature find-

ings.

page 5, para. 3: Additional concerns of different hypotheses have been addressed.

2. Materials and Methods
page 6: Reference to earlier Phase | work has been cited in sections describing the Virtual Popu-
lation Analysis and the GLIM analysis methods.

page 7: Additional characterizations of the environmental covariates have been added to the
report (Figures 1-4, 6 and Table 1). Figures 1-4 are average weekly measurements of flow, spill,
turbidity, temperature. Table 1 contains monthly average and standard errors of the environmental
covariates. Fig. 6 is a graph of the annual total biomass contributed by hatcheries to the Columbia
River, as calculated by Claribel Coronado- Hemandez (personal communication). In regards to
more details about the river data used in this analysis, the source is referenced on pg. 7, para. 3
(United States Army Corps of Engineers (USCOE) Annual Fish Passage Reports, 1976-1989).
Measurement and sampling error were unavailable, and are likely candidates for a research paper
devoted solely to that topic. Further discussion of the possible relationship of each river covariate
to adult survival has been included in the data section (2.1) to warrant its inclusion in the analysis.
Hanford Reach emigrants were not part of this study, only releases from Priest Rapids were used.

The problem of synchrony and a partial solution is discussed in the methods section,
page 11.

The impression of negative correlation of turbidity to flow is due to the way turbidity is

measured at McNary Dam. Using a secchi disk, a higher measured value (in feet) indicates less

Page 244



turbidity (the disk was visible at a greater distance through the water). Therefore, a negative corre-
lation means that higher flows are associated with greater turbidity (and smaller measurements),

and vice-versa

page 13: Due to the length of time involved in this analysis, the suggestion of pooling of the
downriver stocks into one group was not looked into. This would be an interesting avenue to

explore.

Selection of stocks for comparison: Starting with all fall chinook CWT-tagged stocks on the
river, selection of potential comparison stocks were based on the following criteria: 1) release
dates: generally spring released stocks; 2) developmenta stage: similar to Priest Rapids stock; and
3) production and/or index stocks (no experimental stocks). A matrix of the fraction of stock
recovered by age and location were analyzed using SPSS cluster analysis. Brood years, recovery
fractions and tag identification codes for the fina reference stocks used in the analyses are listed

in Appendix C.
page 14-15: Equation added back into the document.

page 15: Additional information added about the chi-square homogeneity test (See “3. 1.2 Ocean
Distribution Analysis’ on page 27.).

page 22, Table 4: Euclidean? column removed.

page 25, text and Table 7: Table headers now include time periods of covariate correlations. All
three correlation tables now have an indicator of significance (a ¢ 0.05)of correl ation different
from zero, calculated using the Pearson’s product moment correlation coefficient test.

page 25, Table 7: Flow and turbidity appear to be negatively correlated, as turbidity is measured

by secchi disk, which records the distance of visibility. Higher turbidity is indicated by lower val-

ues, the opposite of flow, which is recorded as cubic feet per second.
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page 25, last sentence: Temperature may be more of an important factor than the other river
covariates used in this analysis, and thus its inclusion in many of the models. The sentence com-
menting on temperature correlation was removed, due to the fact that though the correlations are
less than other factors, they are still significant after applying the Pearson’s product moment cor-

relation coefficient test for difference from zero.

Section 3.3.5: In order to publish the analysis quickly, it was decided that it would be better to
incorporated the previous manuscript as an appendix (Appendix A) due to logistics of word-pro-

cessing, editing, etc.

Discussion: The Discussion section has been edited to remove the redundancy noted, and be more
to the point on the finding of this analysis. Comparison of results to other studies is not appropri-
ate in this case, as any seeming relationships determined in the covariates to survival are

questionable, due to the inability to sufficiently account for marine effects.
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